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USE OF THE LAND IN BRITAIN 


HE interest in the first annual report of the 

Local Government Boundary Commission (Lon- 
don: H.M. Stationery Office. 4d. net), which covers 
the year 1946, lies less in the factual account of 
changes or proposals for change reeorded than in the 
appraisal of local government opinion in Great 
Britain which the Commission has such a unique 
opportunity to present in the course of its inquiries. 
The task of the Commission is to make, so far as is 
practicable, all }ocal government authorities, both 
individually and collectively, effective and con- 
venient units. ‘That in itself is an immense task, 
involving the review of the status and boundaries of 
61 counties, 83 county boroughs and 1,356 county 
districts, and the Commission recognizes frankly that 
procedure is experimental and that the task can only 
be accomplished successfully with the active good- 
will and co-operation of the local authorities them- 
selves. 

Nor is this all. The task is related not merely 
to that of post-war reconstruction and planning 
generally. It has implications for many of the 
measures already enacted or under consideration by 
the Government, such as the Town and Country 
Planning Bill, the areas of the regional hospital 
boards under the National Health Service Act, and 
the proposals for national parks and Nature reserves 
outlined in the Hobhouse Report, not to mention 
the location of industry, agriculture, forestry, and 
water and power supply. 

The decisions thus far announced are mainly 
negative and incomplete, indicating the kind of 
proposal that is unlikely to be approved, but not 
the extent to which changes may ultimately proceed. 
It will be noted, however, that Plymouth’s pro- 
gressive housing policy has been thwarted, on the 
advice of the Minister of Town and Country Planning, 
by the refusal of space for the proper accommodation 
of half the overspill provided for in the Abercrombie 
plan. The Commission has here shirked the planning 
responsibilities which are inseparable from the proper 
discharge of its responsibilities; but in general its 
broad review indicates that the Commission is 
cognizant of the issues involved in the various types 
of proposals for change. 

Meanwhile, however, the Commission has noted 
the unanimity with which representatives of rural 
districts have based their objection to absorption 
into boroughs on the consequential loss of the parish 
councils or the parochial committees. On the other 
hand, the larger towns are frequently interesting 
themselves in the new conception of neighbourhood 
units and community centres, and most plans for 
the development of new estates on the periphery or 
for redevelopment of central areas provide for such 
units. 

The Commission does well to suggest that these 
two ideas might be brought into contact. There is 
real danger that with the need for provision of some 
services by large and therefore somewhat remote 
authorities operating over wide areas, the ordinary 
citizen will lose interest and contact with the local 
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government and the elected representatives of his 
own locality. 

The Commission here touches on one of the greatest 
dangers in the regional system. It is vital in a 
democracy to preserve and to extend the means for 
the expression of local views and for maintaining 
local interest. The Hobhouse Committee equally 
recognizes this, insisting on the importance of 
national control and a national policy for Nature 
reserves, as did the Dower Report, and that central 
management and development must be planned from 
the start in adjustment with other essential interests 
in the land, such as agriculture, forestry, water 
supply, communications and building; but the 
importance of enlisting local knowledge and ex- 
perience, and encouraging and maintaining local 
interest and co-operation, cannot be too much 
emphasized. 

The most casual consideration of the relation of 
the areas of the proposed national parks and of the 
counties and county boroughs falling within the 
parks should be sufficient to demonstrate the 
value of such co-operation and interest; never- 
theless, there have been repeated incidents in 
recent years in such matters as highway develop- 
ment, water supply or hydro-electric schemes or the 
location of industry which indicate how rash it would 
be to rely upon unguided local bodies to consider 
matters from a national or even a regional point of 
view. There is a most important task of education 
to be undertaken before democratic planning can 
become a reality. Political and Economic Planning 
has already given attention to this matter in a series 
of broadsheets issued earlier this year. “Active 
Democracy—A Local Election” (No. 261), “Clubs, 
Societies and Democracy” (No. 263) and “Public 
Relations and the Town Hall’”’ (No. 265) all examined 
different facets of the problem. But a later broad- 
sheet, ““The Plan and the Public”, which has recently 
appeared, goes to the heart of the matter; it is 
of vital interest at the moment not only in relation 
to local government but also to the issues involved 
in the present economic crisis. 

This broadsheet puts in their proper perspective 
some of the problems which arise in carrying through 
the experiment in democratic planning to which 
Great Britain is committed, and asks some of the 
awkward questions about our social institutions and 
attitudes which must be answered if the active 
participation of the citizen in the planning process 
is to become a reality. It is a most valuable contri- 
bution to the assessment of the task of the new 
Economic Planning Board, and of the decisions to 
be taken by the Government as well as of the 
limitations of Government action. It emphasizes the 
responsibilities which both the Government and 
the Opposition must accept, quite apart from that 
of maintaining an atmosphere of free discussion and 
criticism. Planning does well to direct attention to 
the large measure of common ground in the economic 
plan, to the plain fact that an Opposition on coming 

into power would have to start where the old plan 
left off, and that the essential co-operation cannot 
be expected if the Government shows itself reluctant 
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to accept it or if its representatives go out of their 
way to use phrases calculated to exacerbate hostility, 
These are timely reminders, no less than the further 
one that democracy implies the right of the people 
to discharge planners whose plan fails to operate 
continuously and genuinely to meet the requirements 
of the consumer. Leadership, persuasion and effective 
forethought are essential in democratic planning ; 
without them come threat and compulsion, and there 


has been evidence at times that we are 
uncomfortably near such a regime. 

The broadsheet limits itself to the consideration 
of the first two of the three elements—cons\1|tation, 
communication and execution—involved i: 


verging 


demo- 
cratic planning. In regard to the first, it directs 
attention to factors which have weakened thc claim 


of the House of Commons to be the exclusive source 
of information about public opinion, and reviews the 
development of consultative machinery, the need for 
which was stressed in the new planning proposals of 
the Government announced in March 1947. One of 
the purposes of the development councils to be estab- 
lished under the Industrial Organisation Act is to 
facilitate consultation; but as the broadsheet 
observes it is doubtful whether any better or more 
representative body than the House of Commons can 
really be found so far as consumers are concerned, 
and the logical step would be the devolution of more 
responsibility on local authorities as custodians of 
consumers’ rights. The need for other ad hoc bodies 
implies a reflexion on the representative character of 
elected local councils. 

The main point brought-out by the broadsheet on 
this question of consultation is that, to be effective, 
consultation needs to be continuous. Spasmodic 
reference of a particular Bill or a special problem to 
an interested group or an advisory body is not 
enough. Furthermore, Planning puts some all- 
important questions about the nature of such 
organisations. Are their leaders truly representative 
of the interests and of the men and women in whose 
name they speak? How far are they capable of 
leading as well as listening, of throwing up economic 
statesmen rather than mere spokesmen of sectional 
interests ? And do they provide effective means for 
the speedy transmission of views both from centre 
to periphery and from periphery to centre ? 

There are wider constitutional issues implicit here, 
and the fuel crisis early in the present year revealed 
how serious they may be. It was disturbing to find 
that the Governm . attempted, for example, to 
justify the suspension of periodicals not so much as 
in the national interest as in conformity with an 
agreement made with an association representing 
some of the proprietors of periodicals. Ultimate re- 
sponsibility must clearly rest with Ministers answer- 
able to Parliament, but equally the Government must 
use consultative machinery as a real aid to making 
decisions and softening their impact when made, and 
not as a pretext for delay and postponement of 
decisions which it is too hard-pressed or too timorous 
to make for itself. 

Nothing could illustrate this better than the 


present position of the Service land requirements in | 
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relation to the proposals for national parks and 
Nature reserves, as the continuous stream of criticism 
of the Interdepartmental Committee shows. A written 
statement from the Minister of Town and Country 
Planning on July 29 showed that only four of the 
twelve areas proposed for national parks are at 
present free from Service demands. Of the 392,960 
acres of North York moors 27,500 acres are held for 
training and other purposes; 26,000 acres out of 
146,560 of the Pembrokeshire coast, 47,500 out of 
327,168 of the Brecon Beacons and Black Mountains, 
41,600 out of 250,880 of Dartmoor; while since the 
statement was made a fresh threat has become 
apparent to the Lake District, where in addition to 
the 700 acres at present held, a further 10,000 acres 
in the Coniston area is requested by the War Office. 
Service departments should not be exempted from 
the control exercised in the public interest. 

These figures take no account of the threats to 
the numerous areas proposed as Nature reserves, 
and the whole trend of the reply of the Minister to 
the question regarding the public inquiry into the 
proposed Dartmoor training areas indicates the 
failure of the Government to appreciate the import- 
ance of this question of consultation, or that evasion 
of the issue may endanger the success of the whole 
experiment of democratic planning. It might even 
be argued that one factor in our present critical 
economic position has been lack of effective con- 
sultation; and it is certain that the nation as a 
whole is at present nowhere near possessing either a 
sufficiently wide and general understanding of social 
and economic affairs, or a sufficiently disinterested 
and public-spirited attitude towards them to enable 
this or any other Government to carry through the 
immensely difficult task of democratic planning 
with which we are faced. Nothing less than a 
sustained and intensive attempt, with a carefully 
thought-out strategy, to raise the level of public 
understanding and to change the attitude of ordinary 
people towards their social and economic respon- 
sibilities, will ensure the support on which the 
Government’s plans for meeting the crisis depend 
for success. 

In such a campaign, as Planning points out, not 
merely the Government with its specific publicity 
organs but also nearly every organised group and 
institution in Britain will have its part to play. 
Scientific institutions or associations have their own 
special contribution, for which they may have to 
go through a period of trial, , Jjaptation and trans- 
formation to enable them to take the new part in 
public life which an era of democratic planning 
demands of them. 

Looked at broadly, it is a part of the old question 
of relating knowledge to action, securing the ‘climate 
of opinion’ which will permit policy to be framed and 
decisions taken in accordance with the facts which 
scientific inquiry has already brought to light. As 
Sir Oliver Franks has put it, the Government’s plans 
must be made the plans of the nation, so that 
they are animated by the constructive endeavour 
of the managements and workers who carry them 
out. 
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THE POETS’ VIEW OF NEWTON 


Newton demands the Muse 
Newton’s Opticks and the Eighteenth Century Poets. 
By Marjorie Hope Nicolson. (History of Ideas 


Series.) Pp. xi+178. (Princeton, N.J.: Princeton 
University Press; London: Oxford University 
Press, 1946.) Ills. 6d. net. 


N 1728 Henry Pemberton published “A View of 

Sir Isaac Newton’s Philosophy’’, which gave 4 
popular account of the contents of the “Principia” 
and of the “Opticks”. To it the author prefaced 
“‘a copy of verses on Sir Isaac Newton, which I have 
just received from a young Gentleman, whom I am 
proud to reckon among the number of my dearest 
friends”. The young gentleman was Richard Glover, 
best known to students of eighteenth century litera- 
ture as the writer of ““Leonidas” and one of the many 
reputed authors of the “Letters of Junius’. In the 
invocatory lines he exclaims : 


‘Newton demands the Muse ; his sacred hand 
Shall guide her infant steps.” 


and it is from this passage that the book now before 
us takes its title. 

Miss Marjorie Nicolson, who is well known to the 
curious for her studies of the effect of scientific 
discovery on the literary imagination in times past, 
sets out to show the great influence which Newton’s 
work, and specifically the publication of the ““Opticks”’, 
had on the poets of the eighteenth century. In this 
connexion there are certain names that occur at once 
to anyone familiar with the period, in particular 
James Thomson, whose ‘“‘Poem Sacred to the Memory 
of Sir Isaac Newton” shows a just and gracefully 
expressed comprehension of Newton’s achievements 
and whose “Seasons”, as Miss Nicolson points out 
with many examples, also shows a strong Newtonian 
influence. Thomas Young, of the “Night Thoughts”, 
which was a ‘best seller’ in its time, and Mark 
Akenside may, perhaps, also be considered as obvious 
candidates in this connexion, and they are abundantly 
cited. These three, however, form but a small part 
of the company that the author invokes. 

Richard Blackmore, best known for his ‘Prince 
Arthur’, wrote a long poem, “Creation”, in which 
he dealt not only with the “Principia” but also 
with the “Opticks”, showing some misunderstand- 
ing of wave propagation, in which Miss Nicolson 
follows him: John Reynolds, quite neglected to-day 
—and rightly, for his ““View of Death”, which had 
something to say of Newton’s discoveries, was, as 
our author freely admits, insufferably tedious ; Moses 
Brown, who wrote an “Essay on the Universe” ; and 
Henry Brooke, whose “‘Universal Beauty’’, judging 
by the specimens quoted, gave a not very accurate 
account of certain optical phenomena, were poets 
who concerned themselves directly with expressing 
Newton’s discoveries, as did, in better poetry and 
sense, Thomson and Glover. Christopher Smart, 
Mallett in ‘“‘The Excursion” and others were content 
with general rhapsodical descriptions of light and 
colour. It might be thought at first that this was not 
all due to Newton’s influence, but if one considers the 
number of direct references to the great man in some 
of the poets cited, and more particularly if one 
searches, as I have done, for similar passages in 
Spenser and other pre-Newtonian poets, one is 
brought to agree that Miss Nicolson has made out a 
very good case for her theme that Newton was 
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responsible for the great attention which the early 
eighteenth century poets gave to light and colour, 
even when they did not quote him directly. 

There are occasional exaggerations, as when 
Shelley’s famous 


“Life, like a dome of many-coloured glass, 
Stains the white radiance of eternity” 


is attributed to Newton’s prism, for why should the 
absorption colours of stained glass be termed prism- 
atic? Pope, it is true, refers directly to “False 
eloquence like the prismatic glass’, but it requires 
some effort to trace a Newtonian influence, as does 
our author, in the description of the garments and 
wings of the sylphids, just because of the glitter and 
colour. In referring to this passage and on other 
occasions Miss Nicolson speaks of light being re- 
fracted into colour, as if all colours, including in 
particular the scattering colours of cloud and mist, 
were refraction colours, a misunderstanding which 
possibly some of the poets have shared, but which 
the critic might well avoid. 

In the last chapters of the book, which deal with 
the metaphysical implications of the ““Opticks”, Miss 
Nicolson rather deserts her main theme to consider the 
effect of Newton’s cosmogony on his more material- 
istic disciples and the reaction of the school of Pope 
against those who thought that the road to all truth 
lay through experimental science. The book con- 
cludes with a very interesting consideration of William 
Blake’s violent attacks on his antipathies, Bacon, 
Locke and Newton, whom he grouped together as 
doubters and unbelievers. ‘God is not a mathemat- 
ical diagram’”’ expresses his reaction in one sentence. 

It is strange to find that one so well read in the 
eighteenth century as Miss Nicolson should suppose 
that when Newton wrote “I intend to be no further 
solicitous about matters of Philosophy” he meant 
by philosophy what we mean nowadays. He had 
in mind, of course, what we now call science, as is 
quite clear from, for example, the celebrated ‘‘Philo- 
sophy is such an impertinently litigous lady” letter, 
and from the very title of Pemberton’s book, quoted 
at the beginning of this review. Miss Nicolson, on 
what ground I know not, says that “the would have 
preferred the proud title ‘theologian’ to that of either 
‘philosopher’ or ‘scientist’’’—he could scarcely have 
contemplated the latter title as the word was not, 
so far as I know, used until 1840 or so. What she 
means by saying that ever since his death Newton 
has been considered a metaphysician I cannot con- 
jecture. Nobody ever stated more clearly than 
Newton what he was trying to do in the “Opticks”’, 
the book with which she is particularly concerned— 
“My design in this Book is not to explain the Pro- 
perties of Light by Hypotheses, but to propose and 
prove them by Reason and Experiments”. There is 
not much metaphysics there. 

The book, which throws a novel light on an 
interesting aspect of the eighteenth century tempera- 
ment and tradition, is likely to appeal to a wide 
range of scholars, scientific; literary and philosophical. 
It is all the more a pity that the references, which are 
copious, are given in so unsystematic a fashion. 
Whatever else is added, the first edition should 
always be quoted, if only to give the date of the 
original appearance, but this is seldom done, nor does 
there seem to be any rule as to which edition is 
selected, the earliest or the latest. Sometimes for 
the same poet, in different places, the reader is re- 
ferred to a first edition, to Chalmers’ collection, to 
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Johnson’s collection, and to an unspecified edition, 
In the case of long poems there is often no indication ag 
to where a passage quoted is to be found. Stranvest 
of all is a reference for Voltaire’s poem, address: 


i to 
Madame La Marquise du Chatelet, namely, to the 
“Oeuvres Complets de Voltaire” of 1785. This poem 
was prefaced to Voltaire’s ‘“Elémens de la Philos» hie 
de Neuton” which appeared in 1738 and went through 
several editions, contributing largely to the popular. 
ization of Newton’s work. An English translation, 
by Hanna, which includes the poem in question, 
appeared in the same year as the French orivinal, 


It would scarcely be worth while mentioning these 
matters if Miss Nicolson’s wide reading and scholar. 
ship did not make them surprising. In any ase, 
they do not diminish the warmth of our welcome to 
this unusual and entertaining study of Newton's 
influence. E. N. pa C. ANDRADE 


MECHANICS OF ROAD-MAKING 
MATERIALS 


Soils, Concrete and Bituminous Materials 

A Record of a Course Dealing with Airfield Con- 
struction given at the Road Research Laboratory, 
Department of Scientific and Industrial Research, 
July-August 1943. Pp. 288. (London : H.M. Station- 
ery Office, 1946.) 108. net. 


ORE than twenty experts in soil mechanics, 

concrete construction and road engineering 
have contributed to this valuable record of lectures, 
dealing with the problem of designing and construct- 
ing runways under the great variety of conditions 
encountered during the War in all parts of the world. 
A large proportion of the lectures outline various 
theories of soil mechanics in regard to the capacity of 
the ground to support load, in order to show how 
laboratory and field tests can be used to predict the 
behaviour of the ground under load. Of these, load- 
settlement curves obtained for small test areas of 
ground, suitably adjusted for full-scale loading and 
moisture conditions, would appear to be the soundest 
method of obtaining safe values of the modulus of 
soil reaction which, together with the tensile and 
elasticity characteristics of the concrete, determines 
the thickness of the latter in the form of a road slab, 
required to support a given point load. Methods of 
improving the condition of the sub-grade by drain- 
age, soil stabilization and consolidation are de- 
scribed in detail. A full account is given of the pro- 
cedure of grading local aggregates and controlling 
the ratio of water to cement in order to produce the 
strongest concrete. The use of special devices such 
as steel mesh tracks on sandy surfaces and blasting 
in swamps are described, and a whole section is 
devoted to tar and bituminous surfacing and soil 
stabilization. 

One chart is supplied giving some indication of 
the values of the sub-grade modulus for various kinds 
of soil. This is gratifying, as values of this factor, 
which covers the principal soil mechanics data 
required by foundation and road engineers, have 80 
far only occasionally been published. Records of 
the settlement of oil tanks which have flexible bases 
and cover a large area of ground are probably the 
best source from which to obtain this valuable 
information. 

No method of designing highly reinforced and 
flexible concrete road slabs is given. Assuming soil 
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reactions to vary in accordance with a straight-line 
jaw greatly facilitates calculations of this type and 
is justified in view of the vagueness of sub-grade 
modulus values. It is, then, simple to take into 
account, and use to the greatest advantage, slab 
fexibility in reducing bending stresses. 

The publication of these lectures provides the 
road engineer with most of the practical details he 
requires in regard to recent developments in road 
and runway construction, both in the United States 
and Great Britain, and also a theoretical background 
in regard to soil mechanics, enabling him to relate 
the results of laboratory tests to the strength of the 
sub-grade and road slab in supporting wheel loads. 
Dr. Glanville, his staff and the various lecturers who 
contributed, are to be highly congratulated on a 
work which will be of great value to road engineers 
in all parts of the world. 
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STAR POSITIONS 


Apparent Places of Fundamental Stars, 1947 
Containing the 1535 Stars in the Third Fundamental 
Catalogue (FK3) of the Berliner Jahrbuch. (Published 
by Order of the Lords Commissioners of the 
Admiralty.) Pp. xxxii + 538. (London: H.M. 
Stationery Office, 1946.) 42s. net. 


NTIL 1940 each of the principal almanacs in 
various countries published the apparent places 
of a different selection of stars, the places of which 
were not even always referred to the same funda- 
mental systern. In addition, the number of stars for 
which the apparent places were given in any one 
almanac was insufficient. As a result of discussions 
at the International Astronomical Union in 1932, 
1935 and 1938, it was decided that the Third Funda- 
mental Catalogue of the “‘Berliner Jahrbuch” should 
be used as the fundamental catalogue for apparent 
places of stars in all ephemerides. It was further 
recommended that the apparent places of all the 
stars in that Catalogue should be published in a 
single volume, the calculations being carried out by 
France, Germany, Spain and the United States, 
Great Britain undertaking the printing. The first 
volume appeared in 1941, and subsequent issues have 
retained practically the same format except for 
temporary omissions owing to war-time difficulties. 
The late appearance of the 1947 volume, which should 
have been published in May 1946, is exceptional. 
The introduction is printed in four languages— 
English, French, German and Spanish—and provides 
full explanations with examples of the use of the 
different auxiliary tables, together with a list of the 
corrections applied for parallax and orbital motion. 
The first section, comprising 34 pages, gives the 
mean places of all the stars (1947-0) with their 
annual variations, proper motions and mean errors. 
The next and largest section contains the apparent 
places, at upper transit at Greenwich for every ten 
days, of 1,483 stars the declinations of which lie 
between + 81°. First differences are given for each 
co-ordinate to facilitate interpolation, and at the 
foot of each page is subsidiary information on mean 
place, mean error, secant and tangent of mean 
declination, ete. Section 3 gives the apparent places, 
for every upper transit over the Greenwich meridian, 
of fifty-two stars lying within 9° of the two celestial 
poles. These include the effect of short-period terms 
of nutation, and ‘subsidiary information is provided. 
Section 4 contains short-period terms of nutation in 
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longitude and latitude, mean and apparent sidereal 
time, at 04, tables for converting mean solar to 
sidereal time and vice versa, and also for converting 
hours, minutes and seconds to decimals of a day, 
corrections to a linear interpolate for the effect of 
second differences, and corrections for diurnal 
aberration. The last section gives an index to the 
apparent places of stars, and many of them are 
given more than one name to facilitate the search 
for their positions. 

This publication will naturally find a place in every 
observatory engaged in fundamental observations. It 
will also prove very valuable to institutions engaged 
on accurate surveys, for which there is not sufficient 
selection of stars in the almanacs. M. Davipson 


SCIENCE IN PROGRESS 


Science in Progress 
By Frank B. Jewett, James B. Macelwane, Donald 
W. Kerst, Hugh 8. Taylor, L. Michaelis, Michael 
Heidelberger, G. W. Beadle, Peyton Rous, E. C. 
Stakman, Carl Caskey Speidel, Herbert M. Evans. 
Edited by George A. Baitsell. Fifth Series. Pp xv+ 
353. (New Haven, Conn.: Yale University Press ; 
London : Oxford University Press, 1947.) 5 dollars. 
HE fifth series of “Science in Progress’’ contains 
reports by ten leading American men of science 
in their respective fields and an introduction by 
Frank B. Jewett, president of the National Academy 
of Sciences, on “The Future of Scientific Research in 
the Post-war World”. He has estimated the effect 
of the War upon “fundamental and applied science 
and scientific manpower”. His plea is for a recon- 
sideration of the scope and importance of fundamental 
research. A mere beating of swords into ploughshares 
is only a part of the problem. He is particularly 
impressed by the increasing use of team-work and 
mathematical machines in scientific research. For 
the most part all the chapters in the specialized fields 
can be followed by any reader with a grammar school 
scientific training. 

Some of the chapters are noteworthy as models 
of thorough, scholarly yet simple treatment. Of 
these, D. W. Kerst’s account of the development of 
the betatron, H. S. Taylor’s history of contact 
catalysis between the two World Wars, G. W. Beadle’s 
chapter on genes and the chemistry of the organism, 
and Peyton Rous’s essay on the cancer problem are 
particularly outstanding for their directness and 
clarity. Rather more technical in style, but masterly 
and up to date, are the chapters by J. B. Macelwane 
on the interior of the earth and seismology, by L. 
Michaelis on oxidation and respiration, Michael 
Heidelberger on serological complement, E. C. 
Stakman on the difficulties of dealing with plant 
diseases, and Herbert Evans on hormones. The last, 
containing such sentences as “hepatic gluconeo- 
genesis which adrenal cortical hormones character- 
istically produce”, may make hard going for the 
layman in physiology. By contrast, the description 
given by C. C. Speidel of the cinephotomicrography 
of living cells in action makes easy reading. 

It is to be hoped that Yale University Press will 
continue to issue such annual accounts of recent 
work in science. The general production of the book 
may make British readers rather envious of the 
qualities still maintained in the United States. 

W. L. Sumyer 
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EDUCATION OF THE MAN OF 
SCIENCE 
By Six JOHN LENNARD-JONES, K.B.E., F.R.S. 


ARGELY as a result of the War, there is now 

wider recognition of the possibilities of science 
and the powers of the trained man of science. This 
is reflected in the growing interest of contemporary 
literature in scientific affairs and in the frequency 
with which the opinion of scientific workers is sought 
on major matters of State. This improved status of 
science can only be maintained if men of science 
adopt a greater sense of responsibility; for the 
searchlight which is focused on them will necessarily 
expose their limitations as well as their strength. It 
is fitting, therefore, that at this time men of science 
should subject themselves to a searching inquiry of 
their training and qualifications. No place could be 
more appropriate as a forum for such a discussion 
than a meeting of the British Association, where all 
branches of science are represented and where so 
many sections of the scientific community assemble. 
At the recent meeting at Dundee a general discussion, 
supported by all the sections, took place on “The 
Education of the Man of Science’”’ and attracted a 
large and representative audience. 

The importance which the British Association 
attached to the discussion was indicated by the 
presence of the president, Sir Henry Dale, in the 
chair. The principal contributors included the head- 
master of one of the best-known day schools of 
Britain, a university professor of the first rank, an 
eminent industrial scientific worker, and a vice- 
chancellor of a university famous as a centre of 
culture and learning. 

As often happens in a discussion of such a broad 
topic as the education of men of science, there was 
no precise definition of many of the terms used. 
The term ‘man of science’ is often used to connote 
a member of that small but highly distinguished 
band of investigators who lead in the paths of dis- 
covery. To others it means one of that large body 
of scientific craftsmen, who, having had a university 
training in seience, earn their livelihood by the 
pursuit of science or the application of science, 
whether in the universities, or in industry, or in 
Government laboratories, or elsewhere. It is neces- 
sary to distinguish clearly between the needs of the 
specialist, and the needs of the average scientific 
worker. The methods in use at the schools and 
universities of Britain have in the past created 
scientific leaders of the first magnitude, and the 
virtues of such a system cannot be lightly discarded. 
On the other hand, it may well be argued that the 
courses designed primarily for specialists are not 
necessarily well suited to the needs of the body of 
scientific workers of more average ability. 

Scientific workers of the first rank are usually men 
of wide interests and cultural attainments. Nothing 
could be more specialized than the present training 
of mathematicians, and yet the ablest of them are 
often men of great literary ability. Eddington and 
Jeans were outstanding examples. In every branch 
of science there have been leaders who have attained 
distinction, not only in their subject, but also in the 
art of lucid and concise exposition. 

It may be instructive to inquire why it is that the 
man of science of the most gifted kind is also usually 
a man of culture, for this may help in considering 
the education of those of more limited talents. 
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* 
Having ability of an unusually high order, wi: aij 
that that implies of alertness of mind, quick \cor. 
standing and capacious memory, he develops as 
rule wide and intense interests. It may be that (hese 
are associated with, or arise from, his predominant 
life’s work, but all life, all Nature, arouses his 


penetrating curiosity. Finally, being quick in thought 
and efficient in action, the greatest scientific worker 
contrives also to have leisure. The qualities of « \ility 
and interest, together with leisure, lead to a find of 
general knowledge and culture which we descri}e ag 
education ; and perhaps it is the gift of ever-wi ening 
interest which matters most. 

Implicit throughout the discussion was, howover, 


the assumption that it is the education of the good, 
competent, but not exceptionally brilliant man of 
science which gives cause for concern. In this cate. 
gory we may include all who are professionally 
engaged in the pursuit of science, whether in teaching, 


or in research, or in the manifold applications of 
science to industry. 

Education is a more difficult term to define. It is 
easier to say what it is not. It is not simply the 


acquirement of knowledge or the filling of the mind 
with facts, or even familiarity with a particular 
culture. It may be more an attitude of mind or the 
habits of thought engendered by study, or again it 
may be a cultivation of personal aptitudes and 
abilities to enable a man to live a useful and satis. 
fying life. Sir Henry Dale in his opening remarks 
said that education should provide not only a 
training adequate for the technical needs of a man 
of science in his profession, but also should fit him 
for his part as a good citizen and an acceptable 
member of a cultured community. He stressed also 
the importance of the power of communicating 
thought and the discipline of lucid and accurate 
composition. 

The point of view of the schoolmaster was expressed 
by Dr. Eric James, the High Master of Manchester 
Grammar School, who said that the task of the 
schools is a threefold one: first, to maintain the 
quality of the specialist knowledge of our potential 
scientific workers ; second, to see to it that they are 
aware of the social relevance of their work; and 
third, to ensure that they are people with the fullest 
general education. He was of the opinion that a 
man who has specialized in one science at a univer- 
sity, and perhaps done some research in it, is usually 
a better teacher not only of that but also of other 
subjects than one who has attempted to bring 
several subjects to degree standard. Moreover, he 
has often had leisure for interest in other subjects, 
which have contributed to his wider education. He 
thought it was no answer to the problem of pro- 
viding a general education to insist that all men of 
science should reach a certain standard in a literary 
subject; in, for example, a modern language. What 
is required is imaginative teaching of such subjects 
as history, divinity, or even elementary philosophy, 
so that the boy or girl should be led to think and 
read and argue for himself. 

Sir Lawrence Bragg described the kind of training 
which science students receive at present in British 
universities and said that, while a large proportion 
of science students leave the university at the com- 
pletion of a three- or four-year course, many of those 
adopting science as a profession now spend a further 
three years in research, so that the total time spent 
at a university may be six or seven years. The 


object of the university course should be to train a 
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sudent in certain fundamental mental disciplines, 
so that when later in his career he is confronted with 
new problems, he may fall back on the old lines of 
thought and use the conceptions he has acquired, 
even though most of the factual information he 
jarned may have been forgotten. In many respects 
university courses had in the past been successful, 
yarticularly in providing leaders in pure science, but 
grious criticism has been advanced that the present 
gneration of scientific workers has had too narrow 
and specialized an education. It is also a frequent 
complaint of the industrialist that scientific recruits 
are unco-operative and intolerant and lacking in a 
knowledge of the world. 

Sir James Irvine thought that some of the defects 
of the present method of training could be overcome, 
or at any rate mitigated, during the post-graduate 
years, particularly if there was the right relation 
between student and supervisor. It was a time to 
fll in gaps in education both on the scientific and 
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literary sides. The writing of scientific reports could 
be made an important part of the education of a 
gientific worker. He favoured the study of a 
language, preferably Latin, to assist in the art of 
writing and speaking the English language. He also 
advocated an interest in poetry as a stimulus to the 
imagination and a counterweight against materialism. 

The point of view of a man of science in industry 
was expressed by Sir Arthur Fleming, who dwelt on 
the qualities of mind and character which, in addition 
to technical proficiency, are necessary for success in 
industry. He mentioned qualities of sound judgment, 
surage and the capacity for leadership. He made 
the point that a considerable number of science 
graduates who enter industry ultimately change from 
purely technical work to other tasks, where their 
sxientific training, while still of importance, becomes 
secondary to other qualities. Reference was made to 
a recent survey of more than a thousand science 
graduates who had passed through the post-graduate 
training scheme of a large engineering firm. It was 
found that at the age of thirty-five, fifty per cent of 
the men were no longer engaged primarily in technical 
work, while at the age of forty-five the proportion 
had risen to more than seventy-five per cent. This 
means that it is important for the ordinary science 
graduate to possess, or to develop, the qualities 
which will enable him to fit into the important and 
responsible positions, open to scientific workers, 
offered by a large industrial organisation. 

In the open discussion which followed, a repre- 
sentative of the Scottish Branch of the Science 
Masters’ Association stressed the importance of 
training character as well as developing technical 
skill. He said that since ideals are more readily 
aught than taught, it is necessary that university 
science graduates of the highest quality should enter 
the teaching profession. Universities should encourage 
a proper balance in schools by limiting the knowledge 
demanded of entrants and should take character into 
consideration. 

Reference was made by Dr. Maxwell Garnett to 
the work of a committee of the British Association 
on university education and to the need for an 
inquiry in Britain similar to that which had produced 
the Harvard report on ‘“‘General Education in a Free 
Society”’. 

There seemed general agreement among all those 
who contributed to the discussion that all is not well 
with the education of the man of science; but where 
precisely the defects lie, or what the remedies should 
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be, are matters on which there are conflicting 
opinions. If the objectives were agreed, the means 
would not be lacking to attain them. Part of the 
difficulty arises from the differing views as to what 
constitutes education. There is often confusion 
between education and the acquirement of know- 
ledge. As was pointed out by Dr. Eric James, there 
is a tendency to assume that a general education 
can be obtained by a suitable arrangement of the 
school time-table. He was surely on the right lines 
in stating that the aim should be to introduce to 
boys at school some of the problems of life and 
society in such a way that they will want to read 
and think and argue for themselves. In other 
words, we should try to promote their interest in 
the wider field of knowledge by using as a central 
nucleus the scientific knowledge they already possess. 
Could not history—and in some cases literature—be 
taught from this angle? Social history is as fas- 
cinating to the scientific worker as to the historian, 
and in this respect Trevelyan’s recent book provides 
an admirable example of what can be done. This 
approach to history provides contacts with daily life 
and experience, and shows -the effect of discoveries 
in science on the daily lives of mankind. 

Everyone seemed agreed that a reasonable com- 
petence in the art of self-expression, both of an oral 
and a written kind, should be regarded as a necessary 
qualification of a man of science. This implies wide 
reading and a rich vocabulary, so that ideas may be 
expressed clearly and vividly in simple language 
without an excessive use of technical jargon. But, 
as Sir Henry Dale said, before we put too exclusive 
a faith in extra scientific studies as the means to this 
end, we ought to consider whether present faults 
may not be mainly in the teaching of science itself. 
The power to give clear and simple expression to a 
result or a conception requires, in the first place, the 
ability to think clearly about it; and teachers of 
science have admirable opportunities of training 
their pupils in the art of expressing what scientific 
knowledge they possess. Science can provide many 
examples of men who without the advantages of a 
formal education have produced writings on science 
which are none the less admirable as literature. The 
teaching of science can be made in itself cultural. 

The discussion brought out that other traits of 
mind and character are necessary for success in the 
active and developing fields of scientific endeavour. 
How are qualities of sound judgment, courage or 
leadership to be developed in the course of educa- 
tion ? To some extent they are probably innate and 
can only be developed and fostered by training. 
Judgment involves experience and the capacity to 
profit by experience. Leadership involves self-. 
confidence and the ability to inspire others. These 
qualities are not likely to be engendered by study 
but more by contact with affairs and association 
with one’s fellows. 

Education must accordingly provide for social 
contacts on an adequate scale. Schools and univer- 
sities cater in differing degrees and with differing 
success for these requirements. There is a widespread 
feeling that fuller facilities for residence in the 
universities are a necessary development to meet 
this need. The severe selective competition of the 
class-room tends to produce intense individualism. 
This often becomes more pronounced in _post- 
graduate work, when there is an understandable 
eagerness to make individual contributions to the 
field of knowledge and a corresponding desire for 
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personal recognition. It is all the more necessary 
that there should be counterbalancing influences in 
a well-ordered communal life for undergraduates and 
post-graduate students. We have to reconcile the 
vi-tues of individualism with a spirit of co-operation, 
for excessive individualism may lead to difficulties 
in a large organisation. 

The education of the man of science must be such 
that it gives him points of contact and common 
interest with his fellow men, and at the same time 
permits him to reach forward to the limits of know- 
ledge in his own field. In this sense it must provide 
ever-widening expansion in the horizontal plane, the 
plane of general experience, and at the same time 
provide the path to the heights of specialist know- 
ledge. 

The discussion directed attention to important 
problems. It raised more questions than it answered, 
and these are the concern of school teachers, univer- 
sity teachers and industrial scientific workers alike. 
There is need for closer consultation between all the 
principal parties concerned. The discussion arranged 
by the British Association will have achieved its 
purpose if it stimulates further exchange of views 
and leads to the setting up of competent, repre- 
sentative bodies to study the problems involved. 
Thus may we hope to advance along the road of 
educational progress for the benefit of the next 
generation of men of science. 





UNIVERSITIES OF GREAT BRITAIN 


HE ‘Conference of Home Universities’’, which 

met in the Senate House of the University of 
London on September 26 and 27, was the second 
which had been called together at the initiative of the 
Vice-Chancellors’ Committee. The first conference, 
which took place in 1946, was of a tentative nature 
(a report has just been issued: Universities Bureau, 
8 Park Street, London, W.1. Pp. 76. Ils.) ; but the 
present meeting was on a larger scale and had a 
wider range. Its purpose was to test the value of 
discussions between the administrative authorities 
of the universities and the representatives of the 
teaching staffs, on questions affecting the policy and 
the development of university education. It was 
attended by pro-chancellors, vice-chancellors, princi- 
pals and by representative professors and lecturers 
from all the universities and university colleges of the 
United Kingdom, by members of the University 
Grants Committee and by representatives of the 
Association of University Teachers and the Scottish 
Association of University Teachers. 

Such a gathering may legitimately claim to be a 
model or blue-print, or whatever the current phrase 
is, of a university parliament. When one considers 
the independent origins of the universities of the 
United Kingdom, their diversity of age and constitu- 
tion and their jealously guarded tradition of auton- 
omy, it is a step of no small importance to higher 
education that they should thus assemble the various 
elements in their hierarchies to discuss problems of 
the day which affect them all in common and may 
influence their future. 

Some may be tempted to regard such an under- 
taking as another manifestation of the passion for 
planning, from which few interests are to-day immune, 
but that would be a complete misunderstanding of 
the spirit and intention of the Conference. There 
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was no suggestion of any move towards unifi nity 

. . , 
nor even of any special expectation or wis) for 
unanimity. Everyone concerned recognize: that 


each university must continue, as in the past, to 
work out its own salvation in its own way, bu’ these 
conferences may enable it to take advantage of the 
benefits of consultation and the pooling of experiance, 
in which lie the true strength of democracy. 


The first session was devoted to the quesiion of 
“The Expansion of the Universities”. The chairman 
was, appropriately, Sir Alan Barlow, second secretary 
of the Treasury and recently chairman of a (vern. 
ment committee the report of which, urging an 
increase in the output of scientific workers by 100 
per cent in the next ten years, has aroused s» much 
interest and controversy. The vice-chancellors have 
themselves issued a commentary on this report, 
demonstrating the difficulties which stand in the 


way of expansion on such a scale, and Dr. R. VY, 
Southwell, rector of the Imperial College of Science 
and Technology, dealt with some of these in his 
address. He believed, he said, that the two major 
questions around which most of the discussions on 
the Barlow Report had centred were at present 
insoluble. These were: (a) the extent of the demand 
from industry for university graduates ; and ()) the 
reserve of intelligence of university level available 
to increase the number of graduates. He considered 
that material shortages would, in any event, preclude 
undue expansion in the immediate future, and that 
we might beneficially confine our discussions to 
certain non-material questions with which a policy 
of expansion confronts us, and which must be resolved 
if expansion is to take place. He instanced the 
maintenance of academic standards, the balance of 
subjects in the faculties and the task of the universities 
in technology. 

The discussion which followed tended to emphasize 
the present material difficulties ; but Lord Simon of 
Wythenshawe and other speakers agreed with Dr. 
Southwell’s conviction that university training of men 
of science and technologists is an essential part of 
the production drive and that it must rank among the 
highest priorities if production is to flourish. Lord 
Eustace Percy (Durham). pointed out that some 
universities have already gone so far in permitting 
expansion that unless greater Government support 
be forthcoming they would be forced to reverse the 
movement. 

Prof. R. Pascal (Birmingham) directed attention 
to the importance of the balance of studies, and urged 
that expansion in the arts faculties should be governed 
by an authoritative estimate of the demand for their 
graduates, if we are to avoid the evils of over-produc- 
tion in that direction. 

The second session turned to the question of ‘The 
Basis of Selection of Students’’, under the chairman- 
ship of Prof. F. C. Bartlett. professor of experimental 
psychology at Cambridge. The discussion was opened 
by Prof. Godfrey Thomson of Edinburgh, who brought 
forward arguments based upon intelligence tests, 
which tended to show that the university population 
could be doubled without a fall in standards, provided 
that all those of adequate intelligence outside the 
universities could, in fact, be brought in, and that 
efficient selection were operative. He presented the 
detailed results of a number of investigations; but 
was careful to emphasize the somewhat precarious 
nature of the data. He also recognized that there is4 
fairly large percentage, among those of adequate 
intelligence, who do not want a university education 
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and would refuse it even if liberal financial assistance 
yore provided. 

Dr. J. F. Mountford, vice-chancellor of the Univer. 
sity of Liverpool, followed with a consideration of the 
technique of selection of students. He pointed out 
that any technique of selection must operate against 
s background of theory respecting the kind of persons 
we want in universities and of information about the 
national requirements, both of which are lacking. 
He reviewed the value of examinations, reecommenda- 
tions, school records and intelligence tests as means of 
glection and showed that all are faulty, though he 
suggested that more use might be made of a carefully 
devised system of school recommendations, in 
regard to which we might learn something from 
American practice. Interviews, while sometimes 
weful, are tricky and are impossible where very 











large numbers are concerned. Dr. D. R. Pye, provost 
of University College, London, gave an interesting 
account of a system of intelligence testing, requiring 
relatively little time, which has been experimentally 
adopted for medical entrants at that College. The 
chairman stressed the widespread use of intelligence 
tests, apparently successfully, by American univer- 
sities. 

The final session, under Sir Hector Hetherington, 
vice-chancellor of the University of Glasgow, con- 
sidered ‘“The Proposal to Establish a Representative 
Universities Council”. The discussion was opened 
by Lord Simon of Wythenshawe, chairman of the 
Council of the University of Manchester, who pointed 
out that a powerful dual planning organisation, in 
the University Grants Committee and the Vice- 
Chancellors’ Committee, is already in existence, with 
a good record of work accomplished. He put the 
question: What would be the functions of the new 
body ? Prof. S. Brodetsky (Leeds) and Lord Chorley 
London School of Economics), on behalf of the 
Association of University Teachers, both supported 
the proposal for a new council, which would include 
representatives of the university teachers and hence 
might have a realistic approach to its problems. 
Some apprehension was expressed by other speakers 
lest the council should trespass on the liberties of the 
universities, and Sir Walter Moberly made it clear 
that the University Grants Committee did not wel- 
come the scheme. The chairman then ably weighed 
up the arguments and concluded by advising that 
there should be a continuation of these annual con- 
ferences, perhaps associated with preliminary regional 
conferences, rather than a new body. With this 
suggestion the Conference concurred. 

The overall picture drawn by the Conference, of the 
universities of the United Kingdom between the 
upper millstone of Government pressure to expand 
and the nether millstone of crowded entries, creaking 
with overstrained machinery and ringed by shortages, 
was not encouraging, and showed how much need 
there is for the continued consideration of their 
situation by representative conferences. 

The criticism might be levelled at this, as at many 
other conferences, that there was a tendency to 
skate round the fundamental issues, and Prof. 
Bartlett’s challenge to consider the type of man we 
want to turn out from the universities was unanswered. 
The Conference was not ready for it; but, after all, 
it is still in the experimental stage, and greater 
experience will no doubt bring greater potentialities. 

Practical-minded people expect workaday results 
in the form of resolutions, appeals, protests and the 
like ; but these things, whatever value they may have, 
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are not to be looked for from a conference the first 
aim of which is the free exchange of ideas between 
men of common interests, who would never otherwise 
meet together. In fulfilling that aim the experiment 
may be pronounced successful, and we may look with 
hope for its further development. 

Grateful thanks were expressed to Mr. J. F. 
Foster, secretary of the Universities Bureau, who 
organised the Conference, and to the University of 
London, which was host for the occasion. 

R. C. McLEAN 


CLEANED PICTURES AT THE 
NATIONAL GALLERY 


By Dr. H. J. PLENDERLEITH 


HE Exhibition of Cleaned Pictures (1936-47) 

which opened at the National Gallery on 
October 9 is of unusual interest. Some seventy odd 
masterpieces are exhibited and all of them have 
been cleaned since the autumn of 1936. They are 
displayed for the first time without glass, on clean 
walls with auxiliary fluorescent illumination. Docu- 
mentation is made available relating to the history 
of the pictures, in particular to their preservation 
and to any new facts revealed by cleaning: there 
are photographic records, studio reports and, from 
the laboratory, radiographs and scientific data col- 
lected in the course of diagnosis or for the purpose 
of making permanent records before, during and 
after cleaning. 

The exhibition is served by a catalogue which 
explains the conditions in detail. The foreword by 
the Director of the National Gallery sketches the 
history of the national collection and shows how 
cleaning policy has varied. since 1824, the date of 
foundation ; and it outlines.the main controversies 
(three in number) which have arisen on the subject 
of picture-cleaning during this time. In 1853, a 
Select Committee of Enquiry of the House of Com- 
mons put an end to the evil practice of applying to 
the pictures a varnish containing boiled oil. This 
varnish on ageing provided the golden colour which 
has too long been considered in the public mind to 
be the stamp of an old master. The old masters 
themselves have something to say on the matter— 
Rubens, Hogarth, Reynolds and Constable. They 
appeal with one voice for the protection of their 
works against whatever factors cause the yellowing 
of paint, and in doing so place a serious responsibility 
on posterity. 

The exhibition is frankly experimental in char- 
acter. While picture-cleaning is the central theme, 
the opportunity has been taken to stimulate interest 
in other aspects of practical curatorship. The visitor 
is introduced to some of the problems of preservation, 
storage and exhibition as they exist in the post-war 
National Gallery, and led to appreciate something of 
the care and control that goes into the safeguarding 
of our national patrimony of art. 


Picture Cleaning 


For many, the idea of cleaning pictures must be 
novel. It arises generally from the necessity of 
removing old varnish which has become yellow, 
shrunken and hardened, in which condition it 
causes a misrepresentation of the original colour and 
promotes cracking and the eventual disintegration of 
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the underlying paint film. There is general agree- 
ment that the cleaning of pictures in the interests of 
their survival is an unfortunate necessity. Cleaning 
is followed by restoration, and this may mean any- 
thing from spotting out lacunz caused by the flaking 
of old paint, to replacing a rotten canvas or panel by 
a fresh support. After restoration the picture has to 
be re-varnished, and this is carried out with the 
two-fold object of protecting the surface and of 
bringing the optical quality of the work, so far as 
possible, to the key intended by the author of the 
painting. 

The resin selected for making picture-varnish is 
exclusively mastic: this is dissolved in turpentine 
without the application of heat. A coat of mastic 
varnish may remain protective for about fifty years 
under museum conditions, by which time it usually 
requires replacement. It will seem strange that such 
an impermanent varnish is preferred, and there is 
undoubtedly need for research in this direction. The 
advantage of mastic is that, irrespective of its age, 
it can be removed, with ease, by solvents which have 
no softening effect on the underlying paint film—a 
fundamental requirement of any varnish designed for 
artistic purposes. No permanent varnish is as yet 
known which possesses this property and is satis- 
factory in other respects. 

During the present century, the incidence of 
cleaning at the National Gallery has been very 
irregular. For a variety of reasons, less than one 
picture a year was cleaned between 1900 and 1933, 
and thus there are large arrears of work requiring 
urgent attention. The war years during which the 
pictures were in exile provided an excellent oppor- 
tunity to make up leeway with the minimum of 
inconvenience to the public. But it has been possible 
to treat only the most urgent cases: arrears of 
cleaning still continue to give rise to official concern. 


Standard of Criticism 


, 


“The purpose of the exhibition,” states the cata- 
logue, “is not only to do justice to the cleaned 
pictures, but by extending the knowledge of their 
condition to bring about a higher standard of 
criticism.”’ It is recognized that public criticism is 
important to the vitality of any picture gallery ; and 
thus the present exhibition, while providing data for 
a reply to points of controversy which have been 
raised in the Press, is designed at the same time to 
stimulate interest in technical matters and to 
encourage criticism to develop along constructive 
lines so that its highest aims may be served. 

Can controversy be avoided, it may be asked, 
when the issue is one of both fact and feeling, con- 
dition and appearance, and where there must be, 
inevitably, ample ground for antagonistic points of 
view ? The answer is that it certainly cannot, and 
this is, perhaps, all to the good. But in the special 
case where criticism depends upon incontrovertible 
fact, whether ascertained or ascertainable, the fact 
must be recognized and accepted by the critic, 
otherwise his criticism falls to the ground and does 
credit to no one. 

The significance of the present exhibition is its 
contribution to factual evidence: we have, in this 
age, methods of recording facts and of non-destructive 
testing either undreamed of in a previous generation 
or refined to the extent of being precision instruments 
in the hands of the expert—methods of collecting 
data which can be used in turn for testing the 
validity of criticisms, or for revealing imperfections 
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in the technique of cleaning and restoration. [+ js q 
large step from the ‘make do and mend’ policy of 
1824 onwards to the techniques advocated })y the 
International Conference of Museum Experts,  adrid, 
19341. If one studies the history of conservati: 


ry One 

must be impressed by the far-resching develo} nents 

in both diagnosis and treatment. Unless criticism jg 

prepared to advance in sympathy, it must loge, 
inevitably, in significance. 

Scientific Inquiry 

In the present age, the laboratory is as important 

to curatorship as is the library, and the National 

Gallery is fortunate in possessing a laboratory wel]. 


equipped for physical investigations, and alreacdy of 
international repute ; and shortly to be exten ed in 
scope so that chemistry can also play its part and 
make contributions to the preservation and study of 
paintings. The value of the laboratory lies in the 
objective character of scientific inquiry. 

For example, allegations concerning damage to 
Rubens’ “Chapeau de Paille’ were shown to be 
fallacious by the microscope and micrometer. Small 
passages of greenish-blue colour alleged by a critic 
to be all that remained of Rubens’ origina! back. 
ground (which, it was suggested, had been removed 
by drastic cleaning) were shown to underlie the main 
blue background by at least 0-02 mm., thus vitiating 
the suggestion. Rubens had overpainted this greenish- 
blue to eliminate much of the green; but this, of 
course, could not be appreciated until, in the course 
of cleaning, the removal of yellowed varnish allowed 
the eye to differentiate between blue and greenish. 
blue. The change in appearance is merely the 
revelation of truth. More is now known of Rubens’ 
technique, and a certain mental adjustment is 
required to bring this latest phenomenon within our 
conception of Rubens’ studio method. When the 
facts are digested, parallels are discoverable in other 
work by the same master, as the catalogue points out. 

The value of soft X-rays in the study of painting 
is demonstrated by the quality of the radiographs on 
exhibition. Changes in colour can be followed by 
readings taken on a tintometer: cleaning swabs can 
be spectrographed or submitted to chemical analysis ; 
and photographic recording by ultra-violet or infra- 
red illumination or by the use of coloured filters can 
add still further to the stringency of the control of 
cleaning operations. Photo-micrographs and -macro- 
graphs play their part. 


Cleaning and Restoration, Good and Bad 


A photograph of the forehead of the (restored) 
Velazquez “Philip IV’’, taken at about x 4 diameters, 
is shown in the exhibition. On comparing this with 
a similar photograph of the picture after cleaning 
and before restoration, it is clear that many tiny 
lacunz have been ‘in-painted’, that is, restoration 
paint has been prevented from overlapping the 
original. The work is done superbly well: the art 
of restoration has developed with the means of con- 
trolling it. In former days over-painting of damaged 
areas was the rule (compare photograph of the fore- 
head of “‘Philip IV” before cleaning); and it was 
even the case that coloured varnishes (anathema 
to-day !) gratified the esthetic senses of our pre- 
decessors. It need scarcely be said that tinted 
varnishes were much in favour with the dealer and 
restorer, in their time, as they served to conceal 
imperfections of condition and technique. 
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In some circles the idea still persists that in 
cleaning @ picture there is a positive virtue in avoiding 
the complete removal of the old varnish, this being 
claimed as a mild form of treatment. It is a specious 
argument, and the practice is only in favour in com- 
mercial ateliers where saving in cost is a factor or 
where there is lack of confidence or ability on the 
part of the restorer. It is to be condemned for the 
following reasons. First, because the use of feeble 
solvents necessitates using friction, and the rubbing 
of the surface of the painting tends to remove ridges 
of paint in the brush-work or crackle system. The 
hollows of the impasto and the cracquelure tend, 
inevitably, to become filled with a brown residue 
consisting of the least soluble constituents of the old 
varnish. There is this, also, to be said, that a picture 
so treated will speedily darken to the point of 
requiring re-cleaning, and the net result is that the 
incidence of cleaning is increased. Residues of the 
old varnish may well promote crystallization of the 
new. The practice of treating pictures along these 
lines cannot be too strongly condemned. One admits, 
however, with reluctance, that circumstances may 
occasionally require 2 compromise to be made. 
When this is so it can only be in favour of dark 
passages of colour: from light pigments and bright 
colour, all of the old varnish must be completely 
removed, and the degree of success of the operation 
can be followed in the laboratory by examining the 
painting under screened ultra-violet illumination, 
when the old resin residues are seen to fluoresce 
unmistakably. 
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Atmosphere and Stability 


While pictures are re-conditioned by cleaning and 
restoration, their preservation is entirely dependent 
on the conditions of humidity and temperature in 
the picture gallery. 

When humidity and temperature are uncontrolled, 
the day and night changes occasion rhythmic move- 
ments in the panels and canvases. These may be 
slight; but in the aggregate they have a deleterious 
effect on the stability of the paint layer. A con- 
sequence is the appearance of blisters in the paint, 
caused usually by cleavage between the ground and 
the support, and in the course of a year many are 
discovered and ‘laid’ by competent craftsmen. If 
undiscovered, the next stage is fracture and exfolia- 
tion of the paint, necessitating more serious treatment. 
Extreme atmospheric conditions or changes of con- 
dition are liable to cause catastrophe, such as 
disruption of the constituent planks of Holbein’s 
“Ambassadors”’ panel (February 1895), or the 
splitting of Rubens’ great “Chiteau de Steen” 
(January 29, 1947). 

It took experience of the war-time repository to 
bring out the fact that under controlled conditions of 
humidity and temperature’ (‘conditioned air’) no 
blisters form ; there was practically no maintenance 
work of this kind required at Manod Quarry* in the 
course of years. The moral is obvious and of the 
greatest significance to the preservation of paintings : 
conditioned air must be accepted as essential for 
picture galleries. In the national collection, which is 
80 rich in large Italian panels, a grave responsibility 
rests upon all who realize what is at stake. This is 
understood and accepted by the authorities, who, 
with the help of the Ministry of Works, have 
improvised a ‘hospital’ behind the scenes, and here 
by the aid of primitive controls the relative humidity 
can at least be held in check. By this means a 
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floating population averaging some thirty ‘ailing’ 
pictures is saved, temporarily, from exposure to the 
more extreme climatic conditions of the public 
galleries. 

It is with relief that we learn that a scheme for 
installing conditioned air in the National Gallery is 
in being. The apparatus exists already on the site. 
Plans have been approved for the first experimental 
section, and we can look forward to the coming of 
an era—let us hope it may be soon—when the 
building will be worthy of its great collection of 
pictures, cleaned by the enlightened methods of 
to-day, so that all in their generation may enjoy the 
work of the old masters as they themselves would 
have wished. 

*“La Conservation des Peintures”’ (L’Institut International de Co- 

opération Intellectuelle, Paris, 1939). 

* Rawlins, F. I. G., Nature, 151, 123 (1943). 


HYPOTHETICAL ALTERNATIVE 
ENERGY SOURCES FOR THE 
‘SECOND MESON’ EVENTS 


By Dr. F. C. FRANK, O.B.E. 
H. H. Wills Physical Laboratory, University of Bristol 


N the paper by Lattes, Occhialini and Powell*, it 
is shown that cosmic ray mesons coming to the 
end _ of their track in a photographic emulsion rather 
frequently give rise to a secondary meson of kinetic 
energy about 4 MeV., and no other visible particle. 
This observation appears to demand for its inter- 
pretation the existence of two sorts of meson, the 
source of the observed kinetic energy of the secondary 
residing in the mass difference between the two. In 
view of the importance of this conclusion, we have 
tried to consider all reasonably imaginable processes 
to explain the observations without introducing a 
new elementary particle; processes, that is, in which 
the energy is derived from the material of the photo- 
graphic emulsion instead of from the meson. Reasons 
are given below for the confident rejection of all such 
processes. 

It is concluded that there is no energy to be 
gained, from elements present in substantial quantity 
in the photographic emulsion, from the following pro- 
Ce@SSes : 


(a) Induced 8- or K-capture processes : on grounds 
of known mass defects for the lighter nuclei, and 
systematic principles for the heavier nuclei present. 
There should be energy (though not enough to ex- 
plain the observations) to gain from such processes 
from K**, Rb*’, Lu??*, Os'*? and from one each of 
the pairs In™*, Cd", Sn'5, In"5, Te!**, Sb'**; none 
of these is present in substantial quantity. It is 
improbable that any natural nucleus possesses & more 
stable adjacent isobar not discovered in Nature. 


(6) Induced emission of single nucleons: on 
grounds of known mass defect for the lighter nuclei 
and systematic principles for heavier ones; such 
processes, from naturally existing nuclei, always 
absorb energy. 

(c) Induced «-emission: excluded for the lighter 
nuclei by known mass-defects. Not excluded for the 
heavier nuclei, since mass defects are not known with 
sufficient accuracy, and by the Geiger—Nuttall rela- 


* See Nature, 160, 453 and 486 (1947). 
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tion the life-times of low-energy «-emitters ‘are too 
great for detection. However, with no heavier nuclei 
than silver present, energies greater than about 
2 MeV. are excluded by this consideration, because 
they would lead to spontaneous decay at a detectable 
rate. Moreover, the Coulomb repulsion from a 
medium-heavy nucleus would assuredly give the 
a-particle sufficient energy to make a visible track. 


(d) Induced fission : once again Coulomb repulsion 
would assuredly produce a visible track from the 
fission fragments, and it is inherently improbable 
that a meson could activate the process, say in silver, 
the only element which comes in question from the 
point of view of availability of energy. 


(e) Processes with change of charge by 2, for 
example, of the type 


At4 + Yo — At#, + Yt, 


where Y~ and Y* denote negative and positive 
mesons. It is to be expected that this process, if it 
can occur, would yield energy from about half the 
nuclei which possess stable isobars of charge dim- 
inished by 2. In the case of Zn™ going to Ni, 
measured mass defects indicate an energy yield of 
9-8 +3 MeV. The conditions for this process are 
not satisfied by any nucleus present in substantial 
quantity in the photographic emulsion, namely, by 
isotopes of hydrogen, boron, carbon, nitrogen, 
oxygen, silver, bromine, iodine and sulphur; of 
these only S*, the rarest (0-016 per cent) of the 
isotopes of sulphur, which is itself present only in 
traces, has a known stable isobar A°®*. That is in the 
wrong direction, requiring the improbable converse 
process starting with a positive meson. 


(f) Induced decay of naturally persisting nuclear 
isomers: this would imply the existence of isomers 
with life-times about 10'* times as great, and stored 
energies about ten times as great, as any yet known— 
a very improbable combination. 


This seems to exhaust the possibilities among pro- 
cesses of nuclear degradation. On the other hand, 
it needs more consideration to exclude the possibility 
of processes of nuclear build-up, in which a proton 
is added to some other nucleus: such processes are 
almost all exothermic. The possibility of such pro- 
cesses arises from the special properties of the com- 
bination of proton and negative meson, which may 
be called a mesonic hydrogen atom, or an excited 
neutron, at choice. 

A meson stopping in the emulsion loses kinetic 
energy from, say, 100,000 eV. down to 2,000 eV. in a 
fraction of a micron. This may occur either in silver 
bromide, or in gelatine, with comparable probability. 
In the latter case it is very likely to be in the neigh- 
bourhood of a proton, of which there are about twice 
as many as all other nuclei together in the gelatine. 
It should then, at first, enter a hydrogen-like orbit 
about the proton. The resulting compact neutral 
atom (radius, in the ‘Coulombic ground-state’, about 
1/200 of the Bohr radius, thus 2-6 x 10- cm., and 
binding energy about 200 times that of a hydrogen 
atom, thus 2,700 eV.) should appear, from distances 
exceeding 10-'* em., like a slow neutron. It should 
be able to pass freely through the electronic clouds 
of other atoms, and approach close to nuclei, without 
Coulomb repulsion. Indeed, the polarization of the 
mesonic atom in the field of a second nucleus should 
lead to.an initial attraction. 

The most probable next step would appear to be the 
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capture of the meson by the nucleus of higher « 
and repulsion of the proton. There should, ho 
be a non-vanishing probability that the proton jg 
captured, and the meson expelled. In one cso at 
least, namely, that in which the second nucle; js a 
deuteron, the probability of the alternative revuction 
should be high. For by analogy with the hydrogen 
molecule-ion, H,~, the combination of deuteron, 
proton and meson should be stable in respect of 
Coulombic interactions with an internuclear s~ 


irge, 
vever, 


ara- 
tion of wit se =5x 10" cm. At this distance, 
with a very low Gamow barrier, the two nuclei should 
very readily unite, the meson acquiring kinetic 


energy by what may be described as ‘interna! con. 
version’. Thus, formally, we should have the re. 
action : 


Hie) + Yo - HYY-) + + 
H3(Y¥-) + D®? + H‘D\Y¥-) + 
H!D(Y-) + He + Y- + 


It is highly improbable that the small amount of 
deuterium present in the normal emulsion could 
account for the observed phenomena. The correspond- 
ing process with a second proton (forming a deuteron, 
since He* is not stable) requires the emission of a 
positron and neutrino which, between them, would 
take most of the 1-43 MeV. available, which is in 
any case insufficient. With heavier nuclei the details 
of interaction are more complicated, since, among 
other considerations, there will only be binding in 
the molecule-ion while it is in an excited state. 

The mesonic hydrogen atom will be attracted to a 
second nucleus by virtue of polarization. Some 
energy can be dissipated to form the molecular 
combination, by Auger effect, which will cease to 
operate when the nuclei and meson are well within 
the K-shell of electrons. The combination dissociates 
when the meson falls by a radiative transition into 
a level in which it is concentrated around the nucleus 
of higher charge. The time taken for this radiation 
should be of the order (he/e*)(A/r)*(1/w), which is 
about 10*Z-* periods of the emitted radiation (as in 
hydrogen-like spectra) whether we are dealing with 
mesons or electrons. The characteristic frequency 
should be 200 times that of the corresponding 
electronic spectrum, that is, say, 10'*Z*, and the 
frequency of molecular vibration (200)*/* times that 
of electronically bound hydrogen compounds, that 
is, about 3 x 10'’. Hence, we estimate the life-time 
of the bound state as about 10-'°Z~* sec., or about 
3 x 10°Z-* periods of oscillation of the mesonic 
molecule-ion. 

The Gamow barrier to be penetrated by the proton 
extends from the internuclear separation in the 
excited molecule-ion, r,, to the distance at which the 
nuclei make contact, r,. The meson still provides 
some screening within this distance, and we take the 
potential energy to be Z = (Z — l)e*/r. We estimate 
r, as that distance at which the polarizing action of 
the second nucleus, on the mesonic hydrogen, re- 
garded as linear with field strength, produces an 
equivalent displacement of the meson equal to its 
Bohr radius, ay = 2-6 x 10" cm. Thus, r; = 
3ayrVZ/2 = 5-5 x 10°1Z"2 om.: r, we take as 
1-45 x 10°%(A1/? + 1) cm., where A is the mass 
number of the second nucleus. Then, if we write 
1* = h/V2M(E — E,) (where M is the mass of the 
proton) and neglect the initial kinetic energy Ey, the 
transparency of the barrier to a proton wave should 
be of the order 


2.700 e\ 
500 eV. 
5-46 Me\ : 
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which is about 10-*’ for BS’. This, subject to consider- 
able error, for example, from the uncertainty of r,, 
expresses the probability that the proton will pene- 
trate the barrier in one attempt. Multiplying by 
the number of oscillations before dissociation, we find 
the probability of penetration before dissociation to 
be 107% in this case. This result may well be in 
error by several powers of 10, but it appears that if 
the model is at all relevant, the chance of penetration 
is insignificant for all nuclei beyond the deuteron. 
The same calculation for the latter, neglecting the 
inner screening and so writing | in place of VZ ae 
gives @ penetration probability of 10-* per vibration, 
so that penetration may occur in about 10~* sec. 

Specific forces of the meson have been disregarded. 
There is an obvious chance that it will suffer nuclear 
capture or destruction before the two nuclei can 
interact, the probability of which is reduced by the 
fact that the meson is in excited states throughout 
the period significant for this process. If, on the 
other hand, the mesonic forces lead to some closer 
union of proton and meson than we have considered 
(differing from a neutron), it might well react with 
any nucleus. 

The energy available from proton adhesion is 
small (1-96 and 0-51 MeV. respectively) for the 
‘saturated’ nuclei C;* and O%*. For nearly all other 
nuclei it is 5 MeV. or more. The next most common 
nucleus in the gelatine is N>*, yielding 7-3 MeV., 
which would account for the observations if the 
product, O;*, was formed with an excitation of about 
3-5 MeV. Boron was also present in these emulsions, 
and could yield more than enough energy by proton 
adhesion, but in this case the most likely reactions 
liberate «-particles. 

This process can in any case be rejected statistically. 
For a total of 380 mesons observed to stop in the 
emulsion, four secondary mesons have been observed, 
with at least 500u of secondary track in the 50-u 
thickness of the emulsion, and mutually consistent 
in energy yield. Geometrical probability indicates 
that about thirty times as many events should have 
occurred, in which the secondary meson passed out 
of the emulsion earlier: it could then either go un- 
detected or be indistinguishable from a proton. On 
the other hand, one should not fail to detect a pro- 
jected length of 50u of the end of a meson track. 
Hence the four observed secondary mesons are 
representative of about 120 + 60 (the limits ex- 
pressing probable error) whereas the 380 mesons 
observed to stop should represent not more than 
about 900 actually stopping. (For randomly directed 
straight tracks ending at random depths in an infinite 
layer of thickness H, the statistical proportion of 
all tracks which end in the layer which have hori- 
zontally projected ranges within the layer exceeding 
R is (/R*/H* + 1 — R/H). For R/H = 1, this is 
0-414. For R/H > 1, it is well approximated by 
H/2R, but for R/H > 1, track curvature will reduce 
the proportion below this estimate.) 

Thus it appears probable that the production of a 
4 MeV. secondary meson occurs for 13 + 7 per cent 
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of the mesons stopping in the emulsion. Presumably 
only about half the mesons are negative, and only 
about half of these can form mesonic hydrogen atoms 
(since H comprises 40 atomic per cent of the whole 
emulsion): if we suppose the interaction with a 
second proton is weak, so that the mesonic hydrogen 
is most likely, and about equally likely, to be attracted 
to carbon, nitrogen or oxygen (1 in 8 of which nuclei, 
in the gelatine, is N'), we have an expectaiion of 
about 3 per cent if every encounter of a mesonic 
hydrogen atom with an N* nucleus leads to capture 
of the proton, and on every occasion there is ‘internal 
conversion’ of the liberated energy, producing a 
secondary meson of 4 MeV. Unconsidered factors are 
mostly unfavourable, so that even on the small 
number of observations it is statistically improbable 
that they represent this process. 

A further consideration is that the simple theory 
leads us to expect a larger number of easily observable 
2 MeV.—and possibly of 4 MeV.—secondary mesons 
deriving their energy from proton adhesion to C** 
and O*°: though it is a simple and plausible addition 
to the theory to suppose that these reactions are 
relatively ‘forbidden’. 

It should be added that such processes may be of 
importance in other circumstances ;_ if it is correct 
to suppose that mesons can survive for, say, 10-® sec. 
in hydrogen-like orbits about protons, then there is a 
finite chance that a meson can induce a nuclear 
build-up reaction, causing the attachment of a proton 
to a deuteron. However, with two or more cosmic ray 
mesons in the field, the whole of our observational 
knowledge about mesons requires re-examination. 

I am indebted for a number of discussions to Dr. 
H. Fréhlich and Messrs. Lattes, Occhialini and 
Powell. 

Note added in proof. Later observations enable 
the ‘corrected observed’ proportion of mesons pro- 
ducing secondaries to be refined from 13 + 7 per cent 
to 12-8 + 2-5 per cent (117 + 20 in 917 + 70), thus 
increasing the confidence with which the hypothetical 
alternative process can be rejected. 


OBITUARIES 
Prof. T. David Jones, C.B.E. 


Ir is with much regret that we record the tragic 
death of Prof. Thomas David Jones in a motor 
accident which occurred outside Amesbury on 
August 30. 

T. David Jones was born of a mining family at 
Aberyskir, Breconshire, in 1900. He was educated 
at the Technical College, Swansea, and the University 
College, Cardiff. After the First World War, during 
which he served with the 17th Lancers, he resumed 
his studies at the University of Birmingham. He 
graduated, and passed the Colliery Managers’ Exam- 
ination in 1922; obtained his M.Sc. in 1923 and 
the Ph.D. a year later. He was then appointed 
to the mining research staff directed by the late 
Prof. J. S.. Haldane. In this capacity, he carried 
out extensive investigations into mining conditions, 
spontaneous combustion, geothermic gradients and 
mine lighting. 

In 1936, Prof. Jones was appointed to the chair of 
mining at the University College, Cardiff, and in 
1939 he became director of research to the Monmouth- 
shire and South Wales Coal Owners’ Association, in 
which position he was responsible for intensive 
investigations carried out on the suppression of dust 
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in coal mines. He was invited in 1946 to visit and 
advise the colliery engineers of Belgium and Holland 
on various mining problems, and earlier this year 
had carried out an extensive tour at the request of 
the Commonwealth Governments of Australia and 
New Zealand. In April of this year he was appointed 
to the chair of mining at his old University at 
Birmingham. 

Prof. Jones was a member of many learned societies 
and institutions, most of which he served on their 
councils; he was actively interested in all schemes 
connected with mining education and training, and 
for many years he had been actively connected with 
the Order of St. John. He was made a Commander 
of the British Empire in January 1947 ; a Commander 
of the Crown, Belgium, in June 1947, and a Com- 
mander of the Order of St. John of Jerusalem in 
July 1947. 





NEWS an 


Education in H.M. Forces 


Now that the Royal Navy, the Army and the 
Royal Air Force are beginning to assume a peace- 
time footing, education in those Services is being 


revised. The Services are anxious to continue 
effective liaison with civilian education author- 
ities in organising and developing educational 


facilities among serving men and women. An Army 
Education Advisory Board and a Royal Air Force 
Education Advisory Committee, both representative 
of a range of civilian educational interests, have 
already been formed. All this will affect the Central 
Advisory Council for Adult Education in H.M. Forces 
which, under the able secretaryship of Dr. Basil 
Yeaxlee, and with the help of its regional committees, 
has worked hard throughout the War and since (in 
an advisory capacity) in providing the necessary liaison 
between Service and civilian education authorities 
and in choosing and supplying lecturers and other 
educators (in an executive role). 

The Council and the three Services have therefore 
agreed in principle to the following proposals, subject 
to further consideration of details: (1) The univers- 
ities should be invited to consider their extra-mural 
departments taking over the work hitherto carried 
out by the regional committees of the Council. 
(2) Advisory functions of the Central Advisory 
Council should now be discharged by the inclusion 
of some of its members on the new Army Education 
Advisory Board and the Royal Air Force Educa- 
tion Advisory Committee. The Admiralty hopes to 
obtain advice from former members of the Council 
on an ad hoc basis. Meanwhile, until the end of 1948, 
the Council should continue to function as such. 

So far as the Council’s executive functions are 
concerned, it is suggested that these should in due 
course be assumed by an inter-Services Executive 
Committee whose members will represent the Services, 
the Ministry of Education and other civilian educa- 
tional interests. If the new proposals are eventually 
put into effect, their success will depend upon the 
goodwill of the Services and civilian educationists 
and others concerned. If Service education is to be 
accepted as an integral part of national education, 
then it is up to both Service and civilian personnel 
to work together. In this respect, responsibility will 
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He had high academic qualifications, a broa:! oyt. 
look on life, and an intense interest in his fellow | eings, 
His boyish enthusiasm, together with his crea; 
energy, made him an outstanding personality. ep. 
deared him to his colleagues, and fired all who came 
in contact with him with his own enthusiasr 

J. Howarp GRiFrivus 





WE regret to announce the following deaths 


Mr. John Dower, author of the report on Nai ional 
Parks in England and Wales (1945), prepared for 


the Ministry of Town and Country Plannin, op 
October 3. 
Dr. Stephen Miall, for many years editor of 


Chemistry and Industry, on October 12, aged seventy. 
five 
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devolve on the universities and other civilian educa. 
tion institutes and authorities to see that whatever 
facilities, advice and other assistance they can give 
to all three Services must be given whenever required ; 
on the other hand, the Services must recognize that 
if their educational work is to attain a high grade 
and be recognized by the soldier, sailor and airman 
as a real and effective part of the nation’s educational 
scheme, then the Service educational authorities must 
collaborate as much as possible with their civilian 
colleagues and counterparts. 


British Dyestuffs: Mr. J. Baddiley 


Mr. J. BApDILEY, for many years research director 
of Imperial Chemical Industries, Ltd. (Dyestuffs 
Division), retired on September 30. He was intimately 
associated with research in the dyestuffs industry 
throughout the whole of the period popularly known 
as the renaissance of British dyestuffs. A pupil of 
Prof. Green at the University of Leeds, Baddiley was 
appointed as research chemist in the company of 
Levinstein, Ltd., at Blackley in 1909, and provided 
the first example of departure from Mr. Ivan Levin- 
stein’s policy of employing only German chemists. 
At an early date he exhibited a flair for inspiring and 
leading other research workers, and during his first 
years of service to industrial chemistry he guided an 
ever-increasing team of workers who were charged 
with the task of putting British dyestuffs on the map. 
During this period he discovered a range of dyes 
designed to produce level (or even) shades on viscose 
rayon. When I.C.I. was formed, he was made a 
delegate director responsible for research in the group 
of dyestuffs manufacturers in the parent company. 
Dyestuffs research was concentrated at Blackley and, 
during Baddiley’s tenure of office, grew tremendously, 
embracing also the fields of rubber chemicals, auxiliary 
chemicals, organic polymers and synthetic drugs. 
Dyestuffs, his first love, remained his favourite, how- 
ever, and perhaps his greatest single achievement was 
the discovery, in collaboration with the late Mr. A. 
Shepherdson, of a range of dyestuffs for the colouring 
of acetate rayon. Baddiley’s high reputation in the 
dyestuffs and dyeing industries was recognized when 
he was awarded the Perkin Medal by the Society of 
Dyers and Colourists in 1939. 
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U.N.E.S.C.O. Field Scientific Officer for Far East 


Mr. JAN Smrp has been appointed field science 
co-operation officer for East Asia and the Philip- 
pines of the United Nations Educational, Scientific 
and Cultural Organisation. He will leave shortly for 
Nanking. He is a Czechoslovak civil engineer, thirty- 
five years of age, who studied at the Polytechnic at 
Prague, and then worked in Paris, during 1937 and 
1938, at the Ecole des Ponts et Chaussées. Joining 
the Czechoslovak Army in France in 1939, he was 
wounded. In 1942, he made his way to Britain, via 
North Africa, and rejoined the Czechoslovak Army, 
serving until 1946, when he returned to Paris to 
work in the office of Prof. Caquot, the well-known 
French civil engineer, for whom he had previously 
worked during the period 1937-39. The Field Science 
Co-operation Office at Nanking is the third which 
U.N.E.S.C.O. has set up—the other two being at Rio 
de Janeiro and Cairo; the creation of a fourth, in 
India, will be proposed at the next General Conference 
of U.N.E.S.C.O., which meets in Mexico City next 
month. The function of these centres of scientific 
co-operation is to make available, in areas where the 
need is especially felt, information and help on 
scientific matters otherwise obtainable only with 
great delay or difficulty. 


British Council Science Officer for China 

Dr. H. V. Watters, chief physicist at Messrs. 
Dufay-Chromex, Ltd., has been appointed British 
Council science officer for China. He will be working 
with Dr. R. A. Silo, director of the British Council’s 
Science Office in China. Dr. Walters, who is thirty 
years old, obtained his B.Sc. degree in 1938 while 
at the Imperial College of Science and Technology, 
London, and with a grant from the Medical Research 
Council remained at the College for a further year 
working with Dr. W. D. Wright on colour vision. 
In 1941 he joined Messrs. Dufay-Chromex, Ltd., 
becoming chief physicist in 1944, when he was placed 
in charge of research work on colour and optics, and 
of filter developments and photographic testing. In 
the same year he obtained his Ph.D. for papers on 
the trichromatic theory of vision and the spectral 
sensitivity of the fovea and extra-fovea. 


United Nations Organisation 

Tue British Society for International Understand- 
ing (Benjamin Franklin House, 36 Craven Street, 
London, W.C.2) has published in its British Survey 
(7, No. 14. 6d.) a teacher’s guide to the United 
Nations. This guide explains the organisation and 
membership of the body and reminds readers of its 
purposes as set forth in the original charter signed at 
San Francisco in April 1945. The vital Security 
Council, which embodies the final aim of the whole 
organisation, has not yet found an acceptable plan for 
the use of armed forces to prevent or resist a breach 
of the peace. The Great Power veto is the crucial 
problem that faces the United Nations. So far, Great 
Britain has not used the veto, but the Soviet Union 
has done so repeatedly. The pamphlet contains a 
clear account of the powers of the Security Council 
and some of the problems that confront it. Another 
section gives brief accounts of the fate of issues 
that have already been placed before the Security 
Council with greater or less success. Finally, there 
is some account of the work of the Trusteeship 
Council and the various economic and social agencies 
of the Council ; here some progress has been made. 
The pamphlet deserves a wide circulation. 
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Supersonic Speed Flight Investigation 

BRITISH experiments upon supersonic speed flight, 
using rocket-propelled aircraft, were commenced on 
October 8, when a Vickers radio-controlled plane was 
flown at St. Eval, Cornwall. It was launched frcm a 
‘Mosquito’ at about 35,000 ft. altitude, flew for 90 sec. 
and dived into the sea, according to plan. Informa- 
tion upon its behaviour was obtained by a technical 
observer watching from the launching ‘Mosquito’, 
photographs taken by a ‘Meteor’ jet-propelled air- 
craft, and radio signals upon speed, accelerations, 
pressures, etc., sent out automatically from trans- 
mitting apparatus on the experimental aircraft itself. 
It was hoped that a speed of more than 800 miles an 
hour would be attained, the speed of sound at that 
height being approximately 760 miles an hour. The 
results, mostly mechanically recorded for accuracy 
and to allow of working them out at leisure, will 
take about a week to analyse, but it is thought that 
the desired speed was reached. 

The experiment was not entirely successful as the 
machine lost height more rapidly than was anticipated, 
probably due to what appeared to the observer to be 
instability in control. It was hoped that it would have 
climbed after its rocket engine commenced to function. 
Nevertheless, it will supply much valuable informa- 
tion, and has proved that this technique for such 
investigations is possible. Improvements in the 
design of further experimental aircraft, as a result 
of the analysis of these experiments, should make it 
possible to continue with radio-controlled aircraft 
without risk to human life. 


Plant and Soil 

An international periodical entitled Plant and 
Soil is to be issued towards the end of this year. 
It is to be devoted to the study of plant nutrition, 
plant chemistry and the related subjects of soil 
science, soil microbiology and _ soil-borne plant 
diseases. To meet the increasing demand for intensive 
crop production all over the world, quick exchange of 
tie results of scientific research between the workers 
in this field is necessary ; a number of outstanding 
scientific workers from different countries have there- 
fore decided to collaborate in establishing the new 
journal. The editorial board includes the names 
of Géumann (Zurich), Lundeg&rdh, Penningby and 
Melin (Uppsala), Hoagland (Berkeley), Konings- 
berger (Utrecht), Waksman (New Brunswick), 
Westerdijk (Baarn), and Virtanen (Helsinki). The 
journal will be published by the Martinus Nijhoff 
Publishing Company, The Hague. The subscription 
price is 7.50 dollars a year for one volume containing 
about 400 pages (four parts). Original contributions in 
English, French or German should be sent to the 
secretary of the Board of Editors, Dr. E. G. Mulder, 
Agricultural Experiment Station, Eemskanaal ZZ. 1, 
Groningen, Holland. 


R.C.A. Technical Papers 

Tue R.C.A. Review (Radio Corporation of America, 
R.C.A. Laboratories Division, Princeton, New Jersey) 
has recently issued volume 1 and volume 2a of the 
Index to R.C.A. Technical Papers. Volume | covers 
the years 1919-45, and 2a, 1946. It is planned to 
publish the yearly indexes, of which 2a is the first, 
as sub-volumes, consolidating them under one cover 
at the end of five years as “R.C.A. Technical Papers” 
(1946—1950)—Index—Volume 2’. Volume 1 super- 


sedes ‘“‘Index—Technical Papers by R.C.A. Engineers 
(1919-1939)” published by R.C.A. Institutes Tech- 
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nical Press in 1940. The Indexes contain substantially 
all the technical papers and books, published in 
English, on subjects in the radio, electronics and 
related fields, the authors or ce-authors of which were 
associated with the Radio Corporation of America 
or its subsidiaries. Both indexes are similar in form. 
Bound in stout paper covers, they contain an ex- 
planatory list of abbreviations of titles of periodicals 
used in the Indexes, a chronological index, followed 
by a section in which the papers are arranged alpha- 
betically according to title, an author index and a 
subject index. About 1,800 papers are listed in 
volume 1 and 200 in volume 2a. 


The Prehistoric Society 

Ir would be difficult to find anywhere a publication 
on matters prehistoric more important than the 
Proceedings of the Prehistoric Society. Even during 
the War the editor, though in the R.A.F., managed 
from time to time te issue a volume. Now that the 
War has ended a really excellent number (New 
Series, vol. 12) has been published. The list of 
contents alone indicates the scope of the Society's 
interests: the relationship of bog stratigraphy to 
climatic change and archeology, by Dr. H. Godwin ; 
seal hunting in the Stone Age of north-west Europe, 
by Dr. J. G. D. Clark; prehistoric investigations 
in British Somaliland, by M. C. Burkitt and P. E. 
Glover; the Levalloisian industries of Egypt, by 
Miss Caton Thompson ; the late Bronze Age razors 
of the British Isles, by Prof. C. M. Piggott; pre- 
history in Ireland, 1937-46, by S. P. O’Riordain. 
There are also a number of notes, reviews and a list 
of members. There are many illustrations (one in 
colour), maps and diagrams. It is indeed pleasant 
to find that at least one learned society has managed 
to return to what is really a peace-time standard of 
publication. 


New Seismological Observatories 

THE seismograph station at Honolulu has been 
transferred from the University of Hawaii to the new 
site of the Honolulu Magnetic and Seismological 
Observatory of the U.S. Coast and Geodetic Survey 
near Barbers Point, south-west Oahu. The new 
co-ordinates are tentatively reported as 21° 18-27’ N., 
158° 05-76’ W. Recording began on October 17, 1946. 
One component of a Wood-—Anderson seismograph 
was put in operation at Manzanita Lake in Lassen 
Voleanic Park, California, through the co-operation 
of the University of California and the U.S. Coast 
and Geodetic Survey. 


American Physical Society Symposia 

Tue May meeting of the American Physical 
Society, held in Washington, included a joint session 
with the American Meteorological Society ; a two- 
session programme on “Low Temperature Physics’, 
held under the sponsorship of the United States 
Navy ; a two-session symposium on the “Physics of 
Surface Phenomena”; and a symposium on “Shock- 
wave Phenomena”, presented by the Committee on 
Fluid Dynamics. As part of the general programme, 
two invited papers, one by Dr. Kathleen Lonsdale on 

“The Diffuse Scattering of X- Rays”, and the other by 
Prof. S. A. Goudsmit, on ““Why Germany did not get 
the Atomic Bomb”, were given. Of the other invited 
papers, those dealing with the theoretical and statis- 
tical aspects of low temperatures were by J. C. 
Slater, Felix Bloch, and V. Johnson and K. Lark- 
and on the experimental side, by J. G. 


Horovitz ; 
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Daunt and H. Grayson, who discussed the properties 
of liquid helium II and superconductivity respect ively. 
The full programme of the meeting and the abstracts 
of the 165 contributed papers appear in the July 15 
issue of the Physical Review (72, 151-157). 





Announcements 
Tue Lord President of the Council has appo nted 
Prof. P. I. Dee, professor of natural philosop!,y jn 


the University of Glasgow, and Sir William Grit\iths, 
chairman and managing director of the Mond \ ke! 
Co., Ltd., to be members of the Advisory Counc’! for 
Scientific and Industrial Research. Sir Lawrinee 
Bragg, Sir John Lennard-Jones, Sir Andrew Mc‘ ance 
and Sir Raymond Streat have retired from the 
Advisory Council on completion of their terms of «ttice, 


Dr. Norman C. Wricat, director of the Hannah 
Dairy Research Institute, Scotland, has been ap. 
pointed chief scientific adviser to the Minister of Food, 


Mr. A. T. GREEN, director of research of the 
British Refractories Research Association and the 
British Pottery Research Association, has been 
appointed honorary general secretary of the British 
Ceramic Society in succession to the late Dr. J. W. 
Mellor. 


Lorp RayYLeicH will open the new Physics 
Laboratories of the British Iron and Steel Research 
Association at Battersea Park Road, London, on 
October 22. 


Tue fourth Dalton Lecture of the Royal Institute 
of Chemistry (Manchester and District Section) will 
be given by Dr. D. T. A. Townend, director of 
research, British Coal Utilisation Research Associa 
tion, who will speak on “Fuel and Chemistry”. The 
lecture will be delivered at the Albert Hall, Manchester, 
on November 27 at 7 p.m. ; it is open to the public. 


Research scholarships will shortly be awarded 
by the Royal College of Surgeons of England. There 
are two vacant Leverhulme Research Scholarships 
of the annual value of £400, with an allowance not 
exceeding £100 for expenses of research, tenable for 
one year but renewable. The awards, which wil! be 
made either as scholarships or as grants-in-aid, are 
for the investigation of biological or clinical problems 
of disease as it occurs in man, with a view to the 
extension of surgical knowledge. Facilities for 
research will be available in the Bernhard Baron 
laboratories of the Royal College of Surgeons in 
Lincoln’s Inn Fields or at the Buckston Browne 
Farm, Downe, Kent. Applications must reach the 
Secretary, Royal College of Surgeons, Lincoln’s Inn 
Fields, London, W.C.2, before October 27. 


Tue Society for Visiting Scientists (5 Old Burlington 
Street, London, W.1) is arranging a discussion 
meeting on ““‘Law-making in Science’’ to be held on 
October 29 at 7.30 p.m. The chairman will be Mr. 
G. 8S. W. Marlow, and the speakers Sir —e 
Wakefield, M.P., Mr. A. R. Blackburn, M.P., and 
Dr. Cecil Gordon. 


Erratum. Prof. J. S. Turner and V. Hanley, 
referring to the communication ““Malonate and Plant 
Respiration”’ (Nature, Aug. 30, p. 296), write: “We 
were unable, owing to delay of mail, to correct the 
following mistake in the above letter. The correct 
figures are more in keeping with the interpretation 
put forward. Figures for undissociated malonic acid 
should read: pH 4-0, 6-5 per cent; pH 5, 0-6 per 
cent; pH 6, 0-02 per cent; pH 7, nil.” 
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LETTERS TO THE EDITORS 


The Editors do not hold themselves responsible 
for opinions expressed by their correspondents. 
No notice is taken of anonymous communications 





No. 4068 


Radiation Damping Theory and the 
Propagation of Light 


HeitLER and collaborators' have proposed a 
modification of radiation theory in order to remove 
the well-known divergencies. A variation of this 
procedure has been proposed by several authors’. 
We shall refer to these two forms as the time- 
dependent and the stationary form of the theory 
respectively. 

In the time-dependent theory one starts from a 
modified version of the equations of field theory, in 
which a distinction is made between states in which 
energy is conserved and others, so-called intermediate 
states. The former are defined as those in which the 
unperturbed energy (omitting coupling terms) differs 
from that of the initial state, 0, by less than an 
amount, A, of the order of the line-width. It is assumed 
that the intermediate states differ from this energy 
by amounts large compared to the line-width and 
hence large compared to A. 

In these circumstances, states of equal energy 
can either be reached from the initial state by a 
direct transition (states A, B) or by way of one or 
more intermediate states (states c,d ...). The possi- 
bility of an indirect coupling by way of another state 
of equal energy is unimportant. The equations of 
radiation theory can then be written in the form of 
Heitler’s equation (I’) which, in the conditions en- 
visaged, is still practically identical with the usual 
equations. The essence of the damping theory is 
then to omit from (I’), of all terms linking any two 
given states A and B, those which contain more 
than the least possible number of steps (‘roundabout 
transitions’). This leads to an equation (II) in which 
the amplitude of each state still appears as a function 
of time. 

Alternatively, in the stationary theory, equations 
are used which define only the amplitudes of states 
of equal energy, and the results do not claim to be 
valid except in the limit of very long times. 

Recently, Bethe and Oppenheimer* have shown 
that the omission of the roundabout transitions leads 
to trouble in the case of the scattering of charged 
particles by a centre of force. Their arguments have 
been criticized on the grounds that they neglect 
terms of higher order than the first in e*/Ac, which 
amounts to neglecting the possibility of more than 
one photon being emitted. Actually, one knows that 
in infinite space the number of photons will show a 
logarithmic infinity (infra-red catastrophe). 

We may, however, consider the scattering inside a 
finite box with conducting walls. In that case the 
probability of emission of two or more photons is 
negligible, provided (log E/hvmin.)/137 is a small 
number. Here £ is the initial energy of the particle 
and Ymin. the frequency of the longest wave possible 
in the box. This limits the size of the box, but it 
need not be much smaller than the universe. 

In that case the approximation used by Bethe and 
Oppenheimer is justified and, for a box of reasonable 
size, it gives then the result that the total collision 
cross-section contains a logarithmic term depending 
On Ymin.. and hence on the size of the box. The 
variation of the cross-section due to that term may 
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be of the order of one part in 10*, and its observation, 
together with the knowledge that the particle is 
within the box, would, therefore, not violate the 
uncertainty relations. 

Now the scattering can, in fact, be observed with 
sufficient accuracy in a time less than that needed 
for a light signal to reach the wall of the box, and, on 
physical grounds, it ought not to be influenced at 
all by the existence of the walls. One would, there- 
fore, suspect that the radiation damping theory is 
not compatible with the description of the propagation 
of light with light velocity. In order to investigate 
this, we have studied directly the transmission of 
light from one atom to another in the damping 
theory. 

Assume two identical atoms, P and Q, each of 
which has only two states, 1 and 2, differing in energy 
by hv». They are at a distance r from each other, such 
that c/v, <r <c/y, where y is the line width of the 
excited state, 2. These two inequalities are evidently 
well compatible. Initially P is excited (state 2) 
and Q in state 1, and no light quanta (at any rate 
of frequencies comparable to v,) are present. The 
lower limit of r ensures that the knowledge of the 
energy of the atoms specified by this description can 
be obtained in a time much less than r/c. We must 
then expect from a reasonable theory that the prob- 
ability of Q being excited should remain zero for a 
time of about r/c and should then rise. 

If, however, we apply the time-dependent damping 
theory, we have to consider as states of equal energy 
the initial state 0, the state A, in which Q instead 
of P is excited, and the state B, in which both atoms 
are in the ground state and there is a photon of 
frequency about v,. ‘Intermediate states’ are those 
in which there is a photon of frequency appreciably 
different from v, and, since these states form a 
continuum, the assumptions made in deriving 
equation (I’) do not hold. We must choose our interval 
A of the order of the line-width, say, equal to ky, 
where k is a number of order unity or less. In this 
case A and 0 are not coupled directly, but they are 
coupled through a state of equal energy as well as 
through ‘intermediate states’. The procedure of 
damping theory is therefore ambiguous. 

We may either regard the terms involving inter- 
mediate states as ‘roundabout transitions’ and omit 
them, or we may include them. If they are omitted, 
the time-dependent amplitude for state B will con- 
tain only Fourier components the frequency of which 
is the same within a range ky, and since the number 
k must be independent of the problem to which the 
theory is applied, we can always make ky less than 
c/r. It is then impossible to obtain a function which 
remains zero for a duration r/c unless it is always 
zero. Indeed, calculation shows that the amplitude 
of state B is a power series in the time which begins 
with a quadratic term. Alternatively, if we had 
included intermediate states, equations (I’) and (IT) 
would contain a direct coupling between states 0 
and B and we would also find a finite probability 
of immediate excitation of atom Q. 

In either case, the present form of the time- 
dependent radiation theory does not give a sensible 
answer to the propagation problem, and it cannot, 
therefore, be regarded as a satisfactory general pro- 
cedure in radiation. theory. 

In the stationary theory, on the other hand, the 
problem of light propagation cannot be treated, 
since only asymptotic results are obtained from this 
theory. It may be, of course, that the procedure 
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can be generalized so as to include non-stationary 
phenomena. If this is possible, without affecting the 
stationary case, we must find, after an infinite time, 
& cross-section depending on the size of the box. If 
the theory is to account for the propagation of light 
it must, however, after a finite time 7', be independent 
of the linear dimensions of the box provided only 
they are greater than c7’. It follows, then, that a 
correct generalization of the damping theory to time- 
dependent problems, which must differ from Heitler’s 
equation (II), would have to lead to the result that 
the cross-section would depend on the time taken for 
the observation. We can see no rigorous argument 
against such a result, but it seems curious. 

We are indebted to Dr. Hu for directing our atten- 
tion to the difference between the two forms of the 
damping theory. 

B. FERRETTI 
R. E. PErERLs 
University, 
Birmingham 15. 
Aug. 14. 


' Heitler, W., “The Quantum Theory of Radiation” (Oxford, 1944, 
2nd ed., 240-246). 

* Pauli, W., ““Meson Theory of Nuclear Forces’ (New York, 1946), 
chapter 4. 

* Bethe, H. A., and Oppenheimer, J. R., Phys. Rev.. 70. 451 (1946) 


Radiation Pressure 


THE methods given in most text-books for finding 
an expression for the pressure exerted by electro- 
magnetic radiation on an obstacle generally depend 
upon @ consideration of the lateral pressure of tubes 
of force, or some similar argument, and do not 
answer directly the question: What is the action of 
the electromagnetic field on the electrons in the 
absorbing (or reflecting) surface on which the pressure 
is actually observed ? The following short method 
of finding the action of the field on an electron, and 
hence on a body, is therefore given here. 

Suppose a train of plane electromagnetic waves is 
proceeding in the z-direction; let the electric and 
magnetic fields at a point A be in the y-direction and 
the z-direction respectively, and have components 
(0,Zy,0) (in £.s.v.) and (0,0,H,) (in E.M.U.) re- 
spectively at a given moment. An electric charge 
at A will be set in motion in the y-direction by the 
action of the electric field, and will therefore exper- 
ience a force in the z-direction owing to the action 
of the magnetic field. If the velocity components 
of the motion are (0,v,0), then the force in the 
z-direction will be 


P; aad 


where ¢ is the velocity of light in free space. If the 
charge is quite free to move and radiates no energy, 
the velocity v will lag behind the sinusoidally varying 
field Ey by a quarter of a cycle. It will also lag 
behind the magnetic field by a quarter of a cycle, 
and thus the mean value of H,v, and therefore of Pz, 
will be zero. 

If the charge does not move freely, then it will 
take energy from the electromagnetic field. The field 
does work on the charge at a rate 


dw 
“at 
and the charge, therefore, takes energy from the 


field at this rate. But since H; = Ey for a progressive 
wave in free space, it follows that 


Hev/ec, 


= Eyev, 
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Hzev Eyev 1 dW 


ee ee. ee 


This shows that when an electric charge absorbs 
energy at a rate dW/dt from a train of electromagnetic 


; 1 aw. 
waves, it experiences a force, sam the dire: tion 


of the wave-motion. An equivalent statemen: jis: 
when an electric charge receives an amount of e» srgy 
W from a train of electromagnetic waves, it re ives 
also momentum W/c in the direction of the wave. 
motion. 

Thus if radiation with energy density ¢ per unit 
volume falls on a surface which absorbs it «om. 


pletely, the total rate of absorption of enery, by 
the electrons in the absorber must be ce per unit 
area of absorber, and the absorber must therfore 
l 
experience & pressure 5° ce = & In the case in which 
all or part of the radiation is reflected, we can apply 
similar arguments to show that the reflected radixtion 


exerts an additional pressure on the reflector. 
ALEXANDER R. Stokes 
Royal Holloway College 
(University of London), 
Englefield Green, Surrey. 
July 4. 


Paramagnetic Resonance and Magnetic Energy 
Levels in Chrome Alum 


Zavoisky' and also Cummerow and Halliday* have 
shown that a resonance absorption of high-frequency 
waves occurs in some paramagnetic salts in a 
magnetic field of appropriate value. This is due to 
induced transitions between two of the energy levels 
of the paramagnetic ion, the energy of which depends 
on the magnetic field. In the simplest case where the 
magnetic moment is due to spin only, the difference 
of energy is given by 2u,H, where u, is the Bohr 
magneton and H the magnetic field. The resonance 
condition is then 2u,H = hy. The results obtained 
so far have shown a single resonance absorption with 
a peak very near the value given by the above 
relation. 

We have investigated the absorption in a single 
crystal of chrome alum at wave-lengths between 3 
and 10 cm. In this case, several absorption peaks 
appear, and typical curves of absorption against mag- 
netic field at a fixed wave-length are shown in Fig. |. 
The curves 1, 2 and 3 were obtained at a wave- 
length of 3-18 cm. and with the magnetic field 
directed along the normals to the 100, 110 and 11! 
planes of the crystal respectively. The crystal was 
placed in an H, resonator arranged so that the 
oscillating magnetic field was at right-angles to the 
steady field. The ordinates in Fig. 1 are proportional 
to the absorption in the salt (the scale is different 
for the three curves) and are obtained by measuring 
the decrease in Q (circuit magnification) of the 
resonator at different values of the magnetic field. 

A theoretical treatment of the lowest energy-levels 
of the Cr+*+ ion in chrome alum under the combined 
influence of the crystalline electric field and of an 
external magnetic field has been given by Broer®. In 
this treatment it is assumed that the crystalline 
electric field is mainly of cubic symmetry, but that 
there is also a small component with trigonal sym- 
metry, the trigonal axis being one of the space 
diagonals of the unit cell. The lowest energy-levels are 
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then found to be two degenerate levels of spin + 1/2 
and + 3/2 separated by a small interval of energy a. 

Fig. 2 shows how the energy of the four levels 
varies with magnetic field. Two cases are shown for 
different directions of the magnetic field correspond- 
ing to cos 6 1 (full lines) and cos 6 1/3 (broken 
lines), where 6 is the angle between the trigonal axis 
and the magnetic field. The ordinates in Fig. 2 are 
expressed in terms of the energy interval a. Experi- 
mentally the frequency is kept constant and the mag- 
netic field varied, and it will be seen that there are 
several values of the magnetic field at which transi- 
tions of given energy should be found, and that these 
will depend on the orientation of the crystal in the 
magnetic field. 

As an example, the case where the magnetic field 
is directed along a space diagonal of the unit cell may 
be considered. Here cos § = 1 for one out of four Cr 
ions and cos § = 1/3 for the others. The experimental 
results obtained at 2 = 3-18 cm. are shown as curve 3 
in Fig. 1, and similar curves were obtained at other 
wave-lengths up to 10 cm. From these curves may 
be plotted the values of H at which peaks of absorp- 
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tion occur, against 1/4, and these are shown as 
the experimental points in Fig. 3. Also plotted in 
Fig. 3 are the theoretical curves of H against 1/) 
for various transitions which can occur, The full 
lines are for cos 6 = 1 and the broken lines for cos 
6 = 1/3. Only the three well-defined peaks in curve 3 
have been plotted in Fig. 3. Other absorption lines 
should occur on each side of the main peak, and there 
are clear indications of these in the experimental 
curves. Again, in curve 1 of Fig. 1 the main transitions 
should give two lines close together, but these are 
not resolved and appear as a single large peak of 
absorption. Thus there is general agreement between 
the experimental results and the theoretical descrip- 
tion; but owing to the considerable width of the 
absorption lines it is difficult to verify the theory 
in great detail. 
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From these measurements it appears that the best 
value of a, the ‘splitting’ of the energy-levels at zero 
magnetic field, is 0-12 cm.-', and this value has been 
used in the theoretical calculations. This compares 
with the value of 0-17 cm.-! found from low-tem- 
perature measurements. The difference may be due 
to a change in the crystalline electric field with 
temperature. 

Thus it appears that, in suitable cases, this method 
of investigation may be capable of giving detailed 
information of the lowest energy-levels of a para- 
magnetic ion in a salt, and therefore of the crystalline 
electric field acting on that ion. 

A full account of these measurements and also of 
measurements on other salts will be published in 
due course. 

D. M. 8. BAGGULEY 
J. H. E. Grirrirxs 
Clarendon Laboratory, 
Parks Road, 
Oxford. 
July 14. 
 Zavoisky, E., J. Phys. U.S.S.R., 10, 197 (1946). 
* Cummerow, R. L., and Halliday, D., Phye. Rev., 70, 433 (1946). 
* Broer, L. J. F., Physica, 9, 547 (1942). 
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Photo-Disintegration of the Deuteron 


Tue theory of the photo-disintegration of the 
deuteron' indicates that the process should be pre- 
dominantly due to photo-electric transitions for y-ray 
energies considerably greater than the threshold 
energy (2-18 MeV.). The angular distribution of 
the protons emitted in such transitions should be 
represented by the function 


f(9)d0 ksin*6d6, 


where @ is the angle between the direction of the 
emitted proton and that of the incident y-ray, and 
(8) is the number of protons emitted per unit solid 
angle at the angle 6. 

At high y-ray energies, according to more recent 
calculations based on meson theories of nuclear inter- 
action’, the angular distribution of the emitted pro- 
tons should show deviations from this distribution, 
particularly in an increase of the ratio of the number 
of protons emitted at small angles to the number 
emitted in directions perpendicular to that of the 
y-ray beam. Accurate determinations of the angular 
distribution at high energies should therefore yield 
information concerning the validity of various 
theories of the short-range forces between the neutron 
and the proton. 

It is the purpose of this note to describe some pre- 
liminary results obtained in the course of an investiga- 
tion of the photo-disintegration process by the photo- 
graphic plate method. A proton beam of 80 micro- 
amp., accelerated through 950 kV. by the Cavendish 
Laboratory high tension equipment, was used to 
bombard a thick target of sodium fluoride. The 
6 MeV. y-rays produced in the bombardment of 
fluorine by protons* were incident upon a series of 
photographic plates, the emulsions of which contained 
a proportion of deuterium. The plates were of the 
Ilford Nuclear Research C2 type, with 100 micron 
coating, and they were specially prepared with a 
loading of calcium nitrate containing heavy water 
of crystallization. The proportion of heavy water 
in the emulsion was approximately 6 per cent by 
weight. The plates were exposed for five hours at 
a distance of 5 em. from the fluoride target, and they 
were processed in the usual manner. A microscope 
examination showed that proton tracks occurred in 
the plates and that the y-ray fogging was not ex- 
cessive. 

The exposed plates were examined under a high- 
power microscope, and an area of 230 sq. mm. was 
covered in this investigation. The observers recorded 
all proton tracks with a range greater than 20 microns 
which were entirely contained in the emulsions. The 
direction of each proton recorded was ascertained 
by observation of the variation of the grain density 
along the track. Fig. 1 shows the distribution in 
range of 29 tracks occurring in the angular range 
70° <6-~< 110°. The’ tracks represented in this 
diagram had an angle of dip of less than 10° in the 
emulsion; this criterion was adopted because the 
accuracy of range measurements decreases with in- 
creasing angle of dip. Fig. 1 shows that a proton 
group occurs with a mean range of 36 microns, 
corresponding to a proton energy of 1-88 MeV. This 
is clearly due to the photo-disintegration process, 
since the calculated y-ray energy is (6-0 + 0-2) MeV., 
in agreement with the known energy of y-rays 
emitted in the F + p reaction. At angles greater 
than 110°, proton tracks were less abundant, but the 
photo-disintegration group was still resolved, and the 
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mean range decreased with increasing angle in the 
correct relation. At angles less than 70°, a larger 
number of proton tracks was found, and the correla- 
tion of range with angle showed clearly that some of 
these were caused by protons scattered by a back- 
ground of neutrons which arose from the contamina- 
tion of the accelerating tube with deuterium. These 
neutrons were probgbly responsible also for the small 
number of proton tracks occurring outside the main 
group in Fig. 1. At angles less than 70°, the protons 
produced by photo-disintegration were not clearly 
resolved from those scattered by neutrons. 

The total number of proton tracks recorded was 
213, and, of these, 60 occurring in the angular range 
70° <6 ~< 180° were ascribed to the photo-dis- 
integration process. This abundance is in approximate 
agreement with that calculated from the known 
y-ray strength of the source and the cross-section 
determined by Van Allen and Smith‘. The angular 
distribution of the photo-disintegration protons is 
shown in histogram form in Fig. 2. The continuous 
curve is the theoretical curve, calculated from the 
f{(8) distribution with a small correction for escape 
of protons from the emulsion and adjusted to fit the 
experimental results at 6 = 90°. The agreement 
between theoretical and experimental distributions 
is fairly close and the discrepancies at very high 
angles are probably due to the lack of accurate 
geometrical conditions in the irradiation of the 
plates. 

This method of investigating the photo-disintegra- 
tion of the deuteron and of measuring y-ray energies 
is capable of several improvements, particularly in 
the introduction of a higher proportion of deuterium 
into the emulsions, and of extension to higher y-ray 
energies. We are indebted to Mr. C. Waller and 
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the research staff of Ilford, Ltd., for their work 

in preparing the plates, and to Dr. W. E. Burcham 

for much helpful advice, 
W. M. Grsson 
L. L. GREEN 
D. L. Livesry 

Cavendish Laboratory, 
Cambridge. 
Aug. 6. 

' Bethe and Bacher, Rev. Mod. Phys., 8, 82 (1936). 

tparita and Schwinger, Phys. Rev., 59, 556 (1941). 

‘Lauritsen, Lauritsen and Fowler, Phys. Rev., 58, 241 (1941). 

‘Van Allen and Smith, Phys. Rev., 59, 618 (1941). 





Mechanism of Ferromagnetic Dispersion 


FURTHER experiments have been made to elucidate 
the mechanism responsibie for the magnetic dispersion 
and absorption of y-ferric oxide at centimetre wave- 
lengths, previously reported'. Using the wave-guide 
impedance method?.*, the high-frequency permeability 
:=ur— tuy of y-Fe,O,—wax mixtures has been 
measured in a coaxial transmission line, when a 
static magnetic field H is applied perpendicular to 
the axis. Typical results obtained on specimens 
containing 32-6 per cent by volume of y-Fe,O, 
are plotted in Fig. 1, together with measurements of 
the incremental static permeability, 9. 

Various theories of ferromagnetic dispersion have 
been proposed. Skin effect, suggested by Page‘ and 
Kittel’ as the dispersion mechanism for powders and 
metals respectively, is negligible in y-Fe,O, at 
centimetre wave-lengths*. Becker* has developed a 
theory of dispersion, due to eddy-current fields pro- 
duced by oscillatory displacements of the domain- 
walls. Irreversible displacements, corresponding to 
the peak in the y, — H curve, should disappear at low 
frequencies, and the present results substantiate this. 
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It does not appear, however, that the micro-wave 
dispersion is attributable to Becker’s other mech- 
anism, the relaxation of reversible displacements. 
The insensitivity of u to applied fields of a few 
hundred gauss indicates the action of a strong- and 
not a weak-field effect, while the experimental 1 — 
curves have the characteristics of a damped resonance 
and not a relaxation. 

It appears rather that the primary mechanism in 
the high-frequency magnetization is domain-spin 
rotation. For large H, u is real and equal to p>», but 
as either 2 or H is decreased, up falls below u, while 
vy increases, indicating a phase lag of the spin- 
rotation behind the high-frequency field. Landau 
and Lifshitz’ have developed a theory of dispersion 
due to spin-rotation, and they predict a resonance 
occurring when the applied frequency is equal to 
the spin precession frequency in the internal crystalline 
field. Allowing for their neglect of eddy-current 
damping, the observed dispersion is in good agreement 
with this theory. The peak which might be expected 
in the uz — A curve lies outside the measured wave- 
length range for y-Fe,O,, but such a peak has been 
observed in measurements on Fe,0,, plotted in 
Fig. 2. 

J. B. Brrxs 
(I.C.I. Research Fellow) 
Department of Natural Philosophy, 
University, Glasgow, W.2. 
* Birks, Nature, 159, 775 (1947). 
* Birks, Nature, 1£8, 671 (1946). 
* Birks, Proc. Phys. Soc., in the press. 
* Page, Phys. Rev., 60, 675 (1941). 
* Kittel. Phys. Rev., 70, 281 (1946). 
* Becker, Z. Tech. Phys., 19, 542 (1938). 
* Landau and Lifshitz, Phys. Z. Sowjet Union, 8, 153 (1935). 


Location of the Currents Causing the Solar 
and Lunar Diurnal Magnetic Variations 


In 1882 Balfour Stewart! put forward the view that 
the solar and lunar diurnal magnetic variations were 
produced by currents in the upper atmosphere. He 
suggested that these currents were produced by the 
‘dynamo’ action of thermal or tidal motions of con- 
ducting air across the earth’s main magnetic field. 
Schuster* put these suggestions on a quantitative 
basis. It was later realized (Chapman*) that there 
were difficulties in assigning both the solar and lunar 
variations to a single ionized region. For example, 
the amplitude of the former is some 2-4 times larger 
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in summer than winter, whereas the corresponding 
ratio for the latter is 4. Again, solar variations are 
some 1-6 times greater at sunspot maximum than 
at sunspot minimum, but lunar variations show little 
difference in amplitude between sunspot maximum 
and minimum. Since it is unlikely that the tidal 
motions change so markedly with season and sunspot 
activity, it seems probable that the conductivities 
of the regions responsible for the variations change 
in the above ratios: and since these ratios are 
different for solar and lunar variations it would seem 
that these variations must arise in different con- 
ducting regions of the atmosphere. 

Appleton’s discovery of the existence of more than 
one ionized region in the upper atmosphere appeared 
likely at first to lead to an early solution of this 
difficulty. In particular, the identification by Fleming‘ 
and MeNish* of temporary augmentation of solar 
variation with temporary increase in D-region ioniza- 
tion suggests strongly that a main part of the solar 
variation is produced in and near this region. This 
leaves the lunar variation to be assigned to one of 
the other regions of the ionosphere. Unfortunately, 
none of these other regions exhibits seasonal and 
sunspot changes in conductivity which agree even 
roughly with those shown by the lunar variations. 
In general, all the known regions show too great a 
sunspot variation and too little seasonal variation for 
such identification. It is unlikely, from consideration 
of the conductivities at various pressures (in the 
presence of the earth’s permanent magnetic field), 
that the lunar variations could be produced below 
the D-region, or above the F,-region. Hence we are 
faced with the dilemma that the lunar variations 
cannot apparently be produced in any of the known, 
or even in any of the possible unknown, ionized 
regions of the upper atmosphere. 

A way out of this difficulty appears to emerge 
from the results of a statistical study of tidal move- 
ments in the ionosphere, which has been proceeding 
for the past two years. One object of this analysis 
has been to test the concept that tidal height changes 
in ionospheric levels, such as were discovered by 
Appleton and Weekes‘, are not due directly to 
atmospheric tidal pressure changes, but are a by- 
product of the resulting ‘dynamo’ currents. Thus, 
at the pressures existing in the ionosphere, ions and 
electrons must drift vertically whenever a horizontal 
electric force acts across the horizontal component 
of the earth’s field. The pattern of ionosphere cur- 
rents which is necessary to explain the magnetic 
variations is well known. It consists of large roughly 
circular whorls in each hemisphere, with foci near 
lat. 40°. A crucial test of the above concept is then 
to determine the phases of the tidal movements of a 
given region of the ionosphere at latitudes on the 
poleward and on the equatorial sides respectively of 
these foci. If the concept be correct, there should be 
a reversal of phase on crossing the foci; while on 
the simple tidal hypothesis the phase should be 
approximately constant at all latitudes. Appleton 
and Weekes found that the Z-region in south-east 
England reached its maximum height 11-2 hr. after 
lunar transit. A corresponding study of four years 
hourly data at Canberra (lat. 35-3° S.) shows that the 
E-region at this latitude attains maximum height 
5-1 hr. after lunar transit. Almost identical results 
have been obtained for other Australian stations at 
lower latitudes. It seems, therefore, that the Z-region 
height variations at low latitudes (less than 40°) are 
almost exactly out of phase with those in England, 
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and we should be on safe ground in interpreti:i: the 
sense of height movements in the ionosphere in 


te 
of the directions of the electric currents ther Bs 

On this basis the results of the statistical analysis 
of the lunar height variations in the Z-, F,- ani P.. 
regions at a number of ionospheric observatorie have 
been examined. It has been found that the currents 
in each of these regions are almost exactly out of 
phase with those required to produce the lunar varia. 


tions. It follows from what has been said abov.: that 


the main seat of the lunar variations, like that of 
the solar variations, probably lies in the D-rogion. 
At first sight this surprising conclusion only seems 


to increase the initial difficulty of explainin: the 


different seasonal and sunspot variations of the solar 
and lunar variations. Further study of the solar 
tidal movements in the Z-, F,- and F,-regions of 


the ionosphere has brought to light a circumstance, 
however, which appears to provide a logical ex)|ana. 
tion of their different behaviour. This statistical 
study of the solar ionospheric tidal movements shows 
that the solar currents in the Z-, F,- and F,-regions 
are substantially in phase with those which must be 
presumed to flow in the D-region, on MeNish’s 
evidence. On the basis of these analyses we may 
represent the solar variations (S) and the lunar 
variations (ZL) thus: 

S = Sp + Sgr ‘ , i (1) 

L = Lp Ler . ° : (2) 


If now Lgr is not much smaller than Lp (say, 12 per 
cent less) the observed peculiarities of the lunar varia- 
tion fit into place. The lunar variations may be aptly 
compared to a temperature-compensated pendulum, 
the D- and £F-regions having slightly different 
coefficients of expansion. For the sunspot variation 
of L to be negligible the electrical conductivity of 
the Z£F-region must be slightly more variable with 
sunspot activity than that of the D-region, the 
coefficients expressing this variation being in the 
ratio 1-62/1-55 or 1-045. (These figures are in keep- 
ing with the known general trend of this coefficient 
in the ionosphere, Allen’ finding the ratio 1-045 for 
the F,- to H-region coefficients.) For the case of 
the seasonal variation, ratios of summer/winter con- 
ductivity of 2-6 and 2-3 for the D- and EF-regions 
respectively are required to explain the observed 
large seasonal variation in the lunar variation. (In 
this case the analogy with the temperature-com- 
pensated pendulum may be preserved by supposing 
that the two metals have been reversed, thus exagger- 
ating instead of suppressing the variations in length 
of the pendulum.) 

One other notable feature of the lunar variation 
seems more readily understandable if the above 
conclusions be accepted. It is known that it increases 
markedly with increasing magnetic disturbance, but 
that the rate of increase is greatest when the disturb- 
ance activity is small. It is also known that the 
D-region conductivity increases with magnetic 
activity, but that there is little effect (possibly even 
a small decrease) in EF-conductivity. From equation 
(2) it is readily seen that a given fractional increase 
in Lp produces a much larger fractional increase in 
lunar variation when Lp is comparable with Lzp. 
On the other hand, when Lp becomes larger, this 
magnification falls off rapidly, in keeping with the 
known behaviour of the lunar variations with 
increasing disturbance. 

This work, which will be published in full else- 
where, is being carried out as part of the research 
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programme of the Radio Research Board of the 
Council for Scientific and Industrial Research. 
D. F. Martyn 


No. 4068 


Commonwealth Observatory, 
Canberra. 
June 23. 
‘Balfour Stewart, “Encyclopedia Britanica” (9th edition, 1882). 
*Schuster, Phil. Trana, Roy. Soc., Lond., A, 208, 163 (1908). 
‘Chapman and Bartels, “Geomagnetism" (Oxford Univ. Press, 1940). 
‘Fleming, Terr. Mag., 41, 404 (1936). 
‘McNish, Terr. Mag., 42, 109 (1937). 
*appleton and Weekes, Proc. Roy. Soc., A, 171, 171 (1939). 
allen, Terr. Mag., 51, 1 (1946). 


Prof. S. Chapman, through whom Dr. D. F. Martyn 
has forwarded this letter, remarks that equations (1) 
and (2) imply horizontal inducing motions due to the 
sun, in the D-, Z- and F-layers, which are in phase 
with one another, and lunar tidal horizontal motions 
which in the D-layer are opposite in phase to those 
in the Z- and F-layers; on present knowledge (cf. 
Nature, 159, 357; 1947), this does not seem to be 
excluded. 





Mechanism of the Oxidation of Gaseous 
Formaldehyde 


TxHE oxidation of gaseous formaldehyde has been 
studied by Askey', Fort and Hinshelwood*, Bone 
and Gardner*, Spence‘, and Snowden and Style’. 
Spence was the first to investigate the reaction 
comprehensively and to propose a mechanism. 
Snowden and Style® also proposed a somewhat similar 
but incomplete mechanism. Neither is able to account 
for a further important observation that has now 
emerged—first mentioned by Style and Summers* and 
now confirmed by our results—that, concurrently 
with the oxidation of the formaldehyde, there is a 
sensitized decomposition to carbon monoxide and 
hydrogen, linked with it. This decomposition does 
not take place in the absence of oxygen, and at very 
low partial pressures of oxygen assumes a relatively 
predominant role. 

It appeared to us that, since formaldehyde may be 
formally represented as a mixture of hydrogen and 
carbon monoxide and readily decomposes to these 
gases, and since its ignition temperature at pressures 
below atmospheric is of the same order as that for 
hydrogen-carbon monoxide/oxygen mixtures’, the 
mechanism of the homogeneous reaction might well 
be represented by an adaptation of the schemes 
employed in the oxidation of hydrogen and hydrogen— 
carbon monoxide mixtures*:*; and on the basis of 
the previous work and additional results shortly to be 
published'® we have been able to show that the 
oxidation can be described by a mechanism involving 
hydrogen atoms along the same lines as the hydrogen, 
oxygen reaction. 

Consideration of related reactions, namely, the 
photolysis and photo-oxidation of formaldehyde, 
suggests that the reactions 

H + HCHO = H, + CHO 

and O + HCHO = OH + CHO 
may well be involved in the thermal reaction. Since 
the formyl radical which is precariously stable at 
100° C. is almost certainly unstable at the tempera- 
tures used for the oxidation (300—-340° C.), these 

equations may be written : 

H + HCHO = H, 


+CO+H 
and O-+ HCHO = OH + CO + 


H, 
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and a chain reaction scher ‘avolving H, OH and 
HO, can be set up which leads to an expression for 
the rate which can accou::: for the kinetic results 
very satisfactorily. The full scheme is as follows : 
(1) 0,4 HCHO=H,CO,+0 _* Perea 
(2) 0+ HCHO=O0H+H+CO , poe 
propaga- 
(3) H+ HCHO=H,+C0O+H k, > tion-decom- 
position 

(4) OH+HCHO=H,0+CO+H k, | propaga- 
(5) H+0,+HCHO=H,0+CO+0OH8 k, } tion oxida- 
(6) H+0,+HCHO=H,0+C0O,+H k, } tion 
(7) H+0,+0,=HO,+0, ky : 
(8) H+0,4+X=HO,+X te | a. 
(9) H+O,+wall=HO, ke j 

HO, + wall — decomposition. 


Bowen and Tietz"! have shown that at low tempera- 
tures formaldehyde readily reacts with oxygen to 
give performic acid, and for the initiation reaction 
(1) we assume that, at the temperatures involved 
(c. 350° C.) here, this peracid is not formed but that 
the normal acid and an oxygen atom are produced 
instead. Reactions (7), (8) and (9) allow for the fact 
that the HO, radical can only be stabilized in a three- 
body collision. There is no evidence to indicate that 
the oxidation involved branched chains at the tem- 
peratures at which it has been studied, but the fact 
that ignition eventually occurs at temperatures in 
the region of 500°C. can readily be interpreted on 
the above scheme if the branching reaction H+0O,= 
OH+O becomes important at this temperature, a 
fact already known from the kinetics of the hydrogen/ 
oxygen reaction. 

The net overall effects of this chain mechanism are 
the three complex homogeneous reactions : 


H,cO +0, =H,O +0, 
H,CO +30, = H,O + CO 
H,CO =H, +Co 


in accordance with our experimental results. Of 
these the second predominates except at very low 
oxygen concentrations, when the sensitized decom- 
position reaction becomes relatively more important. 
The above scheme leads to the following expression 
(1) for the disappearance of formaldehyde, [F] 
referring to the formaldehyde concentration, and S/d 
being the ratio of surface to volume (S = constant 

and d = diameter of reaction vessel) : 

dF k,(2k, + k,)[O,} (F}? 
dt — kfOn] + kel X] + kf[S}/d 
k,k[F}* , 
lO.) + kiX)+hisya ‘) 
the first term representing oxidation and the second 
decomposition. In the absence of inert gas, and in 
vessels of large diameter with concentrations of 
oxygen that are not small compared with [F], this 
expression reduces to an expression for the initial 
rate as follows: 
aF k,(2k, + k,) [F]? 

ea (2) 


ky 











in agreement with previous workers’ results; as the 
products of reaction accumulate the term k,[X] 
modifies the later course of the reaction. In vessels 
of very small diameter, or in packed vessels where 
S/d is large, the homogeneous reaction is very slow, 
and this also follows from equation (1). Aside from 
the fact that they do not account for the sensitized 
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decomposition, the previous schemes in our view are 
unsatisfactory in that they suggest no initiation 
reaction and involve a disproportionate number of 
ad hoc assumptions : we believe that the mechanism 
given above is capable of describing the observed 
phenomena of this puzzling reaction, and it has the 
advantage of being in harmony with the analogous 
reactions of the oxidation of hydrogen and hydrogen— 
carbon monoxide mixtures, involving practically no 
additional assumption. 
D. W. E. AxrorD 
R. G. W. NorrisH# 
Department of Physical Chemistry, 
Cambridge. 
July 28. 

‘ Askey, P. J., J. Amer. Chem. Soc., 52, 974 (1930). 
* Fort, R., and Minshelwood, C. N., Proc. Roy. Soc., A, 129, 284 (1930). 
* Bone, W. A., and Gardner, J. B., Proc. Roy. Soc., A, 154, 297 (1936). 
* Spence, R., J. Chem. Soc., 649 (1936). 
. —, F. F., and Style, D. W. G., Trans. Farad. Soc., 35, 426 
* Style, D. W. G., and Summers, D., Trans. Farad. Soc., 42, 338 (1946). 
* Kane, G. P., Chamberlain, E. A. C., and Townend, D. T. A., J. 

Chem. Soe., 436 (1937). 
. —, E. J., and Norrish, R. G. W., Proce. Roy. Soe., A, 167, 292 
* Lewis, B., and von Elbe, G., “Flames, Combustion, and Explosion 

of Gases” (C.U.P., 1938). 
” Axford, D. W. E., and Norrish, R. G. W., in course of publication, 
™ Bowen, E. J. and Tietz, E. L., J. Chem. Soc., 234 (1930). 


Some Fatigue Effects on the Human Retina 
Produced by Using Coloured Lights 


Wuew Burch (1898 and 1900) fatigued the human 
eye by exposure to sunlight through a suitable colour 
filter, he found evidence for four sensations: red, 
green, blue and violet, but not for yellow. Edridge- 
Green and Marshall (1909), after exposing the eye 
to sodium light, stated that they found definite 
evidence for a separate yellow sensation. .I have 
recently repeated these experiments, with certain 
modifications which will be described, and I have 
arrived at the same conclusion as Edridge-Green and 
Marshall. 

A colour filter was prepared, using gelatin films 
dyed with Naphthol Green, Malachite Green, Orange 
G and Naphthol Yellow, which transmitted a 
narrow lemon-yellow band centred on 0-57u. This 
filter was placed in front of a small lantern condenser 
behind which was mounted a 36-watt tungsten fila- 
ment lamp. The observer’s eye was carefully adjusted 
in position until the image of the lamp filament 
coincided with the. pupil, so that a nearly uniform 
yellow area, subtending about 20 degrees of arc, was 
presented to his retina. The placing of a disk of 
ground glass next to the lamp bulb, and the use of 
a condenser consisting of achromatic lenses, was found 
to improve the uniformity of the field. (This was 
particularly useful in the case of the dichromatic 
filter, which will be referred to shortly.) The use 
of a dental impression plate for steadying the head 
is indicated in cases where the observer finds it diffi- 
cult to preserve the correct eye position. 

It was no advantage for the yellow light to be 
excessively bright; 200-400 ft. c. appeared to be most 
suitable. If after 15-20 seconds observation it is 
found to take on a pale lilac tint it is probably too 
bright and should be reduced. The eye having been 
exposed to this yellow light for }—-1 minute, a spectrum 
was examined with as little delay as possible. A 
simple hand spectroscope was found to be suitable 
for this purpose. This spectrum should not be too 
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bright ; one in which the yellow region has a | 
ness of 10-20 ft. c. seems to be most suitable. 

After exposure to yellow light, as described hove, 
the spectrum was found to be darker than usual jp 
the blue and violet ; the red region had a purplish. 
pink colour, the green appeared pale blue-gree::, and 
lying between them was a narrow neutral tin area 
completely devoid of any yellow colour. 0: cop. 
tinuing to watch the spectrum the yellow -lowly 
reappears, the red and green gradually lose their 
bluish hue, the blue and violet recover their 


ight- 


. . . . . isual 
intensity, but it is some minutes before the normal 
appearance of the spectrum is reached. Some idea 


of the extent of these changes after exposure to 
yellow light, and of the rate of recovery from it, may 
be obtained by repeatedly comparing the spectrum 
seen by the exposed eye with that seen by the normal 
eye. 

The tests with the spectroscope were now repeated 
using a second colour filter, giving a light which 
closely resembled in brightness and colour, but which 
was slightly less saturated than, that used in the tests 
described above; but, instead of transmitting a 
monochromatic yellow, it transmitted a band in 
the red, centring on 0-69, and a band in the 
green, centring on 0-53u. On repeating the tests, 
using this filter, it was found that changes in the 
appearances of the different parts of the spectrum 
were much smaller than those just described. Thus 
yellow was not so saturated in colour, but was not 
replaced by grey; red and green were less bluish, 
and the short wave-length end of the spectrum was 
searcely altered. In one experiment one eye was 
exposed to the light from one filter, the other being 
at the same time exposed to the light from the other 
filter. On comparing the spectra it was clearly seen 
how very different they were. Thus these two yellow 
lights, which resemble one another closely to the 
eye, produce effects of quite different magnitude on 
colour vision. 

Some further tests were now performed in which 
colour filters were used, each one transmitting a 
different narrow spectral band which varied in mean 
wave-length from 0-69 u to 0-49u. When these were 
tested in turn for their effects on the spectrum, it 
was found that the most effective in altering yellow 
to grey were those which had transmission bands in 
the yellow and yellow-green. Next came those in 
the orange and the green; while those with bands 
at 0-69u, and at 0-51 u and 0-49u, had no observable 
effect on the spectrum colours. 

Instead of a spectrum some test colours may be 
examined, when it will be found after exposing the 
eye to pure yellow light that red looks crimson, 
orange looks red, yellow looks grey, green looks pale 
blue-green, and blue and violet look very dark 
blue-green. 

These experiments confirm the observations of 
Edridge-Green and Marshall that exposure to mono- 
chromatic yellow light causes the eye for a time to 
see spectral yellow as neutral grey. They show, 
moreover, that a dichromatic yellow light, consisting 
of a band in the red and a band in the green, produces 
results on colour vision which are different from those 
produced by a monochromatic yellow light which 
has been adjusted to match it as closely as possible. 

Some further tests were now performed. A yellow 
filter transmitting nearly the entire spectrum, except 
for the violet and part of the blue, was adjusted to 
match the monochromatic and dichromatic filters as 
closely as possible. Exposure of the eye to light 
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which had passed through this filter was found to 
darken the whole spectrum, but otherwise to have 
no specific effect on it. A filter transmitting a narrow 
band at 57 and also a band in the greenish-blue 
from about 50 to 45 produced no specific effects 
either. On the other hand, a yellow filter transmitting 
from about 65 to about 55 was found to change 
yellow to grey, and in other ways to produce similar 
changes to those produced by the monochromatic 
yellow filter. 
" The conclusion arrived at is that, while fatiguing 
the eye to rays from about 65 u to 55 u causes changes 
in the red, the yellow and the green parts of the 
spectrum, fatiguing the eyes simultaneously to these 
rays and to greenish-blue rays, produces little or no 
effect; that is, the latter rays appear to inhibit the 
onset of the fatigue effects which rays from 65 to 
55 would otherwise produce. The precise spectral 
limits and other details concerning these inhibitory 
rays have not yet been determined. 
j H. HARTRIDGE 
Physiological Department, 
St. Bartholomew’s Hospital Medical College, 
London, E.C.1. 
Aug. 8. 
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Experimental Production of a Protostele from 
a Dictyostele in Dryopteris aristata 

In leptosporangiate ferns the incipient vascular 
tissue can be observed as an uninterrupted layer 
situated immediately below the apical meristem from 
which it is derived and enclosing a central pith. In 
this cone of incipient vascular tissue no leaf-gaps 
are present. The apical meristem can be isolated 
from the adjacent lateral organs (leaf primordia and 
scales) and tissues by vertical incisions'.*. This 
operation involves the severance of the incipient 
vascular tissue, the isolated meristem being now 
seated on a thin layer of incipient vascular tissue 
and the latter on a plug of pith parenchyma. 

The isolated meristem continues to grow and forms 
a short shoot on which new leaf primordia later 
develop. In the lower region of this shoot, above 
the non-vasculated pith region, the stele is typically 
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Fig. 2 


solenostelic. This result was predictable from a know- 
ledge of the disposition of the tissue systems at the 
shoot apex. Since the amount of radial growth at 
the centre of the shoot is very small it could be 
further predicted that if the vertical incisions could 
be made sufficiently close to the apical cell the result- 
ing thin shoot would be protostelic. 

In practice, this operation is difficult to carry out 
as the whole meristematic system tends to collapse 
and become necrotic. However, in the course of these 
experimental studies, some very small terminal shoots 
have been obtained, and in one of these the proto- 
stelic condition has actually been realized. Fig. 1 A 
shows a cross-section of an incised shoot of D. aristata 
near the base of the incisions (6), in the pith (p) ; 
the outer region of this shoot is almost completely 
occupied by the bases of the large solenostelic lateral 
buds which have developed as a result of the experi- 
mental treatment’. Fig. 1 B, taken higher up, shows 
@ cross-section of the small protostelic shoot which 
has developed from the isolated apical meristem 
(xylem, black). Near the base of this shoot the stele 
is a small solenostele ; higher up it becomes a medul- 
lated protostele (Fig. 4), and still higher up a solid 
protostele with a central core of xylem (Fig. 3). 
This shoot became attenuated and later stopped 


























Fig. 4 


growing; the meristematic character of the apex 
was lost and the distal region of the shoot became 
parenchymatous. Sections taken progressively nearer 
the distal region showed a decrease in the cross- 
sectional area of the protostele until eventually it 
faded out, the whole cross-section of the shoot being 
occupied by parenchyma, Fig. 2. 

C. W. WarpLaw 
Department of Cryptogamic Botany, 

University of Manchester. 
Aug. 6. 


* Wardlaw, C. W., Nature, 156, 39 (1945). 
* Wardlaw, C. W., Phil. Trans. Roy. Soc., B, 232, 343 (1947) 


Carotenoid Pigmentation of Trout 


Trout kept in aquaria and fed on a diet of chopped 
meat and earthworms lose the brilliant yellow and 
red pigmentation characteristic of wild fish, but do 
not appear to suffer any other inconvenience. The 
xanthophore and erythrophore cells of the dermis 
become few in number and those remaining contain 
little pigment. As reported in a separate communica- 
tion', the pigments specifically concerned in these 
changes are esters of the carotenoids lutein and 
astaxanthin. The melanophores are not affected. 
I find that the total carotenoid content of the skin 
and fins of depigmented fish is about a tenth that of 
the wild type (see accompanying table). Moreover, 
all the pigment remaining in the former is lutein, 
whereas in the latter lutein and astaxanthin (estim- 
ated as astacene) are present in much the same 
concentration. Trout reared from eggs in this lab- 
oratory in a balanced tank and fed solely on ‘natural’ 
foods consisting of such organisms as they could 
capture, supplemented from time to time by quantities 
of live Entomostraca, chiefly Simocephalus and 
Daphnia species, and larve of Corethra, have de- 
veloped the typical pigmentation of wild fish. They 
have bright red spots on both sides of the body, the 
tip of the adipose fin and the dorsal and ventral 
edges of the tail are also red, the pectoral and pelvic 
fins are bright orange and the skin of the belly 
golden. The concentration of carotenoids and the 
ratio of lutein to astacene are of the same order as 
found for wild trout. 
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CAROTENOID VALUBS OF THE SKIN AND FINS OF EXPERIMEN’ 
WILD 





iL 
TROUT = 











\ Total carotenoid 
Lutein Astacene | (estimat: as 
e | luteir 
Wild trout 120 75 231 
| De mted trout 20 | Negligible 25 
Trout reared in Cee | 
on ‘natural’ fi Lu) 80 | 20% 
De nted trout fed on 
salmon ova for 35 | 
| days 80 | 65 | 16 
Trout fed with pure caro- | 
tenoids in arachis oil: | 
b-carotene | 15 | Negligible 1: 
Lutein i $0 Be 35 
Astacene | 20 = 25 








The estimations are based on comparison solution 
of lutein and astacene, and were made with a photo-electric co! — 


using a filter with maximum transmission about 480 my. Al! values 
are expressed as y per gm. of fresh tissue. 
Attempts to increase the carotenoids of <opig. 


mented aquarium fish by feeding them earthworms 
injected with solutions of pure carotenoids in arachis 
oil have been disappointing. Yearling fish received 
in this way several milligrams each of b-carotene, 
lutein or astacene—amounts many times greater 
than the whole carotenoid content of wild fish of 
the same size. No increase of pigmentation was 
observed, and the carotenoid content of the skin 
and fins remained at a low level. On the other hand, 
a group of depigmented fish fed on whole fresh ova 
of salmon, which contain considerable amounts of 
lutein and astacene, as well as carotene in lower 
concentration, showed a rapid increase in pigmenta- 
tion of both xanthophores and erythrophores. After 
35 days of this diet the carotenoid content of the 
skin and fins of some fish of this group approached 
the level found in wild fish. The remainder of the 
group had become depigmented once more three 
months after reverting to a diet of meat and worms. 

Several possibilities present themselves to account 
for the failure to effect with preparations of pure 
carotenoids the degree of pigmentation achieved by 
a diet of ‘natural’ foods. Hydroxy-carotenoids usually 
occur in animal tissues in the form of esters or con- 
jugated with protein, and it would not be surprising 
if the processes of separation and purification involved 
irreversible changes in the molecule, rendering it in- 
capable of being utilized by the fish. Astacene at 
least is known to be a reaction product of astaxanthin, 
which is itself usually extracted from animal tissues 
as an ester, and it is possible that lutein also may 
undergo a similar transformation. Alternatively the 
efficiency of absorption of the arachis oil solution 
in the gut of the fish may be very low ; no attempt 
was made in these experiments to measure the 
amount actually absorbed. Again, there may be a 
simple quantitative explanation for the failure. 
Estimations I have made recently of the carotenoids 
of the stomach contents of freshly caught wild trout 
have yielded surprisingly high values. The most 
striking were obtained from fish which had been 
feeding mainly on Daphnia longirostra (18 of 25 fish 
examined from a single reservoir during June and 
July). Some stomachs contained as much as 0-25 gm. 
dry weight of Daphnia, and yielded up to 1,200 y of 
astacene and 400y of xanthophyllis, the latter 


estimated as lutein. These values agree well with 
those obtained from samples of the zooplankton of 
the same reservoir, which consisted at the time of 
about 85 per cent Daphnia longirostra, the rest 
mainly Cyclops species, and which gave 6,520 of 
astacene, 


1,385 of xanthophylls and 120y of 
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carotenes per gm. dry weight. Clearly the quantities 
of carotenoids ingested by fish feeding on such a 
rich source, neglecting any derived from other food, 
are much greater than the limited amounts of 
crystalline preparations with which it has so far been 
possible to supply them. It may well be that even 
in wild trout the efficiency of absorption of carotenoids 
is low, or that much of it is utilized in other ways, of 
which the only example we have any knowledge at 
present is the conversion of some carotenes to the 
vitamins A, If this is the case, the proportion avail- 
able to the chromatophore cells may be small even 
under the most favourable conditions. 

It is hoped to publish later a more detailed account 
of these and further experiments. 

D. M. STEVEN 
Department of Zoology, 
University of Edinburgh 
July 21. 

‘Steven, D. M., Nature, (160, 507 (1947)). 


Spontaneous Occurrence in Lythrum salicaria 
of Plants Duplex for the Short-style Gene 


THE continuation of the work with the purple 
loosestrife, Lythrum salicaria, previously reported’, 
has confirmed the tetrasomic inheritance of the 
factor for mid-style. Lacour’s determination of the 
somatic chromosome number as sixty suggests, there- 
fore, the existence of fifteen quadruplets of homo- 
logous chromosomes. Since the short style is epistatic 
to mid, it is possible by legitimate crosses between 
short- and mid-styled plants to build up genetic con- 
stitutions up to four genes for the mid-style; all 
these appear to be phenotypically alike, or, in other 
words, the mid-style gene appears to be completely 
dominant. 

In legitimate pollination not more than one parent 
can be short. Many shorts tested by crosses with 
long-styled plants have shown themselves to be 
simplex, containing only a single gene for short-style. 
Illegitimate short-by-short matings offer peculiar 
difficulties, and have so far been unsuccessful. It is 
theoretically possible, however, that simplex short 
plants should produce, by a process of double re- 
duction, a minority of duplex gametes. 

Recent tests involving a large number of second 
backcross progenies have shown that this does actually 
occur, and have provided a source of material duplex 
for short, which is of immediate importance in study- 
ing the relations of the-genes for short and for purple 
(v pink) flowers which are linked in inheritance. The 
first indication was a small progeny grown in 1946 
giving 


Short purple Short pink jNon-short purple Non-short pink Total 
24 W 0 i) 38 


In the light of the larger progeny grown this 
year from the same plant as seed parent, crossed 
with pink longs, there can be little doubt that in 
the chromosomes carrying short its constitution is 

RS/rS/rs/rs, 
where R stands for purple, r for pink. It is also 
duplex M,ym, at the mid locus. 

This year’s progeny has yielded 


Short purple Short pink Non-short purple Non-short pink Total 
638 He 4 13 140 


About fifty of the short purples from these have 
been crossed to long pinks to determine the relative 


frequencies of the ten possible types of gamete. The 
changed ratio of pink to purple is probably due to 
better scoring of this rather difficult factor. 

One consequence of this finding is that wild cross- 
pollinated populations must contain, in very unequal 
numbers, fifteen different genotypes in respect of the 
factors for mid- and short-style. Of these, one only is 
long-styled, four are mid-styled and ten short-styled. 
The approximate rélative frequencies to be expected 
in Nature are given in the accompanying table for 
a population of 1,000. 








% S 8, Ses 

Short Short 

| My Long 333°3 177-4 2-248 
| Mam, Mid 275-9 113°3 1-435 
| Mum, Mid 2-14 33-23 0-421 
Mym Mid 4-925 4-862 0-062 


| Me Mid 0-324 0-320 0-004 
No plants triplex or quadruplex for short can be 
produced by legitimate pollination. 
R. A. FISHER 
V. C. Martin 





Department of Genetics, 
University of Cambridge. 
August 31. 
' Fisher, R. A., Ann. Eug., 12, 169 (1944). 
* Fisher, R. A., and Mather, K., Nature, 146, 521 (1940). 
* Fisher, R. A., and Mather, K., Nature, 150, 430 (1942). 
* Fisher, R. A., and Mather, K., Ann. Eug., 12, 1 (1943°. 


Gonadal Hormones and Mineral Balance in 
the Domestic Fowl 

Ir is established that the pullet coming towards 
the beginning of laying begins to retain calcium and 
phosphorus at an increasing rate’*. In some cases 
the rate of retention may be of the order of 0-4—-0-5 
gm. calcium per diem. 

We have sought to imitate this effect in the 
sexually immature pullet (aged 10-14 weeks) by 
means of gonadal hormones. The hormones were 
normally administered in six equal doses on 
alternate days over a twelve-day period. Céstradiol 
dipropionate (Ciba) alone to total amounts of 
6 mgm., 12 mgm. or 24 mgm., or testosterone pro- 
pionate alone to total amounts of 8 or 4-5 mgm., 
failed to increase the rates of retention of calcium 
and phosphorus significantly over those shown by 
control pullets. When the cestradiol dipropionate 
treatments were combined with the testosterone pro- 
pionate treatment, then the rates of calcium and 
phosphorus retentions were increased over those 
shown by the controls to a highly significant degree. 
No analogous effect was shown by testosterone pro- 
pionate in respect of the elevation of serum calcium 
and plasma phosphorus fractions evoked by the 
cestrogen treatments, although the combined cestrogen 
and androgen treatments intensified the hypertrophy 
of the oviduct induced by cestrogen. 

The only previous experiments known to us on the 
effects of gonadal hormones on the calcium balance 
of birds are those of Clavert and Benoit*, who 
secured a sharp increase in calcium retention by 
adult male pigeons following a single injection of 
0-5 mgm. estradiol dipropionate. It remains un- 
certain, however, how far the results of their experi- 
ments were conditioned by the possible presence of 
endogenous androgen. We are inclined to the view, 
therefore, that the increased rates of retention of 
calcium and phosphorus which take place during the 
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10-14 days before the pullet begins laying are con- 
ditioned by androgen as well as by cestrogen, and 
that the well-known androgen activity in the sexually 
maturing pullet (manifested by the familiar reddening 
and hypertrophy of the comb at the outset of laying) 
has a physiological significance in relation to calcium 
metabolism. 

In the course of our work we have noted that the 
cestrogen treatments, while raising the serum calcium, 
serum riboflavin‘ and plasma inorganic lipid and 
phosphoprotein phosphorus, nevertheless bring about 
a decrease in serum citric acid concentration. Citric 
acid is related on one hand to skeletal metabolism‘ 
and on the other to gonadal hormone activity, for 
Shorr, Bernheim and Taussky* have shown that 
cestradiol benzoate increases citric acid excretion in 
women. 

We hope to publish a fuller account of this work 
at a later date. 

R. H. Common 
W. A. RUTLEDGE 
R. W. Hate 
Ministry of Agriculture for Northern Ireland, 
and the Queen’s University of Belfast. 
July 4. 
*Halnan, B. T., J. Nat. Poultry Inat., 10, 410 (1925). 
*Common, R. H., J. Agric. Sci., 22, 576 (1932). 
* Clavert, J., and Benoit, J., Trav. Soc. Chim. Biol., 24, 1469 (1942). 
‘Common, R. H., and Bolton, W., Nature, 158, 95 (1946). 
* Dickens, F., Biochem. J., 35, 1011 (1941). 
* Shorr, E., Bernheim, A., and Taussky, H., Science, 95, 606 (1942). 


Use of Smalli-size Plots in Yield Surveys 


I am glad that my note’ has induced Prof. 
Mahalanobis to set down his results on plot-size bias*. 
Since the publication of his paper on the Bihar Crop 
Survey (1945), the position has gradually altered. In 
1946 Prof. Mahalanobis recommended plots ranging 
from 50 to 100 sq. ft.* without giving any reasons 
or experimental data for discarding plots smaller 
than 50 sq. ft. In his present note the range has been 
further extended to include plots of 200 sq. ft., and 
the standard procedure adopted at present is stated 
to be to obtain concentric circles of 12-57, 50-27, 
100-88 and 201-06 sq. ft. The advantage claimed in 
favour of these circles is that the variation in yield 
between sub-saraples supplies an excellent internal 
control. Whether this refers to the variation in the 
estimates of yield or of variability from different sub- 
samples, the advantage does not really exist, because 
the estimates of variability as well as those of average 
yield are found to be biased in the case of small-size 

lots*. 

- The principal advantage of small plots of the size 
used by Hubback and by English and American 
workers is that their produce can be handled by the 
experimenter himself without the use of hired labour. 
This advantage is of no effect with the concentric 
sub-samples at present used by Prof. Mahalanobis. 
Indeed, apart from being agriculturally inconvenient, 
as pointed out by Dr. Panse’, the cost and effort 
involved in harvesting them would far exceed that 
required for harvesting a single large plot of 1/80 acre 
as adopted in the Indian Council of Agricultural 
Research surveys. Further, as labour is paid on a 
daily and not hourly basis under Indian conditions, 
the cost of harvesting is also not affected by small 
variations in size. 

The limit at which the bias becomes negligible will 
vary with the crop and the agency carrying out the 
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experiments. Even if it is demonstrated that plots 
of, say, 50 sq. ft. give unbiased estimates when 
handled by trained statisticians, this would be of 
limited practical value, especially in India, where the 
employment of a special agency is out of the qu: stion 
and the experiments have necessarily to be c:rried 
out by the local departmental staff in the course 
of their normal duties. All the investigations carried 
out by the Indian Council of Agricultural Res arch 
were planned with this objective in view. The rosults 
show that even with the best supervision and training 
it is not unlikely that plots up to 200 sq. ft. may give 
biased results. In the experiments reported by Dr. 
Panse, plots of 218 sq. ft. were found to give an over. 
estimate of yield. These results conclusively support 
the adoption of large plots of the size 1/80 acre or 
thereabout adopted by the Indian Council of Agri- 
cultural Research in its yield surveys. 

On the question of the explanation of the observed 
bias, Prof. Mahalanobis suggests that the bias is more 
likely to be due to the experimenter tending to 
favour more fertile patches by shifting the exact 
location of the random point in the field than to the 
unconscious inclusion of the border plants inside the 
plot. I do not share this view. In the experiments 
conducted in Moradabad District, the starting point 
of the plot was located, by means of a pair of random 
numbers, under the direct supervision of statistical 
officers. Bias would appear to arise from the fact 
that even when the point of location is randomly 
fixed under adequate supervision, the field worker 
inevitably encounters a difficulty in deciding whether 
to include the border plants inside the plot or to 
exclude them. As the contribution of even a single 
plant to the harvested produce is appreciable in 
small plots, it is to be expected that the tendency 
regarding unconscious inclusion (or exclusion) of 
border plants inside the plot should materially in- 
fluence the yield estimates. That appears to me tho 
real explanation of the observed over- or under- 
estimation in experiments with small plots. 

The danger of under-estimation due to the sagging 
of stretched ropes in using comparatively large plots 
to which Prof. Mahalanobis refers exists only in 
theory ; for sagging is only one of the large number 
of smail compensating errors arising in the marking 
of the plot. The net result of these errors is 
negligible in comparison with the amount of har- 
vested produce when the plot size is sufficiently 
large, as will be clear from my own results*, which 
show that the yield estimates from 1/80 acre plots are 
in agreement with those from harvesting the whole 
field and, therefore, free from bias. The actual 
existence of under or over-estimation from any 
source has to be established by experimentation. 

Prof. Mahalanobis has also raised the question of 
the reliability of the results and has emphasized the 
importance of arranging work in the form of inter- 
penetrating samples. This point is not relevant to 
the subject-matter under discussion; but in my 
opinion these checks are not of any value in providing 
evidence on the reliability of field work. This point 
will be discussed elsewhere. 

P. V. SUKHATME 

Indian Council of Agricultural Research, 

New Delhi. 
1 Sukhatme, P. V., Nature, 157, 630 (1946). 
* Mahalanobis, P. C., Nature, 158, 799 (1946). 
* Mahalanobis, P. C., Sankhya, 7, 3, 269. 
*Sukhatme, P. V., J. Amer. Stat. Absoc. (in the press). 
*Panse, V. G., Curr. Sci., 15, 218 
*Sukhatme, P. V., Nature, 158, 345 (1946). 
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FRIEDEL-CRAFTS CATALYSTS IN 
POLYMERIZATION 
KINETIC MEASUREMENTS AND THE ROLE OF WATER 
By Pror. R. G. W. NORRISH, F.R.S., 


AND 
K. E. RUSSELL 
Department of Physical Chemistry, Cambridge 


No. 4068 


HERE has been reported a critical minimum 

catalyst concentration of 0-03 per cent in the 
low-temperature polymerization of isobutene in the 
liquid phase using boron trifluoride, aluminium 
chloride or titanium tetrachloride as Friedel-Crafts 
catalyst'. Direct mixing in the liquid phase is, 
however, impracticable owing to the great velocity 
of reaction, and any results obtained in this way are 
subject to uncertainty. In the work described below 
we have succeeded in devising a technique which 
enables a mixture of monomer and catalyst to be 
prepared at temperatures below their reaction point. 
Their vapours are mixed at pressures measured 
directly on a glass spoon gauge*, and the gaseous 
mixture slowly frozen to the solid state in liquid air. 
At this temperature there is no reaction, but when 
a mixture of boron trifluoride and isobutene prepared 
in this way was allowed to warm up to — 140° C. 
(the melting-point of isobutene) very rapid poly- 
merization suddenly set,in, as was indicated by a 
sharp rise in the temperature recorded by a copper- 
constantan thermocouple. We were able to show 
that the minimum concentration of boron trifluoride 
required is dependent on the degree of purification 
of the reactants, a value of 0-03 per cent boron tri- 
fluoride being reduced to 0-006 per cent by repeated 
distillation. 

Because of the difficulty of obtaining kinetic 
measurements for the fast reaction in the liquid 
phase, a less active catalyst was sought. Measurable 
rates were obtained with stannic chloride, the polar 
diluent ethyl chloride being used to keep the system 
homogeneous. It soon became apparent, as has also 
been found qualitatively by Plesch, Polanyi and 
Skinner‘ using titanium chloride as catalyst, that 
the presence of water in the system is paramount, 
and the following measurements were therefore 
carried out to determine quantitatively the effect of 
metallic halide, and water as co-catalyst on the 
reaction. 

The reaction was followed by a dilatometric 
method. For this purpose the components, including 
water, at measured pressures in the gas phase were 
frozen down separately into a special form of dilato- 
meter; this could be sealed off from the apparatus 


‘and was so constructed as to allow of mixing by 


shaking. The rates of reaction were followed at a 
temperature of —78-5° C. afforded by solid carbon 
dioxide and ether. There is no induction period, and 
a decrease in volume occurs which is here assumed 
proportional to the extent of polymerization. (Owing 
to adsorption, water vapour in a glass apparatus does 
not obey Boyle’s Law; by coating the inside of the 
apparatus with a hydrophobic monolayer in the 
manner described by us* this difficulty was overcome, 
and the pressure gave an accurate measure of the 
quantity of water added to the system.) 

All materials were purified by repeated distillation 
in vacuo, but there were still minute quantities of 
impurities (including water) in the monomer and 
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diluent, and it is probable that these have some 
effect on the course of the reaction. 

For stannic chloride 1-15 per cent, isobutene 
20 per cent, ethyl chloride 78-8 per cent, and a 
reaction temperature of —78-5° C., the effect of 
added water up to 0-43 per cent on the initial rate 
of polymerization is shown in Fig. 1. 
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Polymerization rates (arbitrary unita) 


0-1 0-2 0:3 O-4 0- 
Added water (per cent) 
Fig. 1 
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Even in the absence of added water, there is still 
a rate of polymerization corresponding to the presence 
of about 0-015 per cent water. The graph clearly 
shows, however, the importance of water on the 
mechanism of the reaction. 

The effect of stannic chloride concentration on the 
reaction rate is shown in Fig. 2. 
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It is clear that both water and the metallic halide 
are essential to the catalysed reaction in the liquid 
phase, and we conclude that a soluble hydrate is 
formed and functions as the active catalyst. The 
minimum concentration of metallic chloride below 
which no polymerization occurs is rather less than 
half the percentage of added water. When the con- 
centration of stannic chloride was less than about 
one fifth that of the added water, a white solid was 
observed at the bottom of the dilatometer. Thus the 
minimum catalyst concentration is probably due to 
the removal of the metallic halide by excess water 
to give an insoluble hydrate with no catalytic activity, 
and should be dependent on the concentration of 
water in the system. Then, as the concentration of 
the stannic chloride increases relative to the water, 
there comes a stage when a lower, soluble, catalytic- 
ally effective hydrate is formed, perhaps conforming 
to a mass action law. With more than | per cent 
stannic chloride, and 0-18 per cent of water, the rate 
does not increase appreciably. The precise nature of 
the hydrate is not certain, but neither a monohydrate 
nor a dihydrate is excluded by the results expressed 
in the graph. 
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When the monomer concentration is increased, the 
normal effect on the rate may be masked by the 
decrease in dielectric constant of the system and the 
reduced solubility of the hydrate. With 1-15 per 
cent stannic chloride and 0-18 per cent water the 
variation in rate with monomer concentration is 
shown in Fig. 3. 
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A maximum rate is observed with 30 per cent 
monomer; there is no indication of a threshold 
concentration of 10 per cent isobutene referred to by 
Plesch, Polanyi and Skinner‘. Since the dielectric 
constant of the medium changes rapidly with 
monomer concentration, a means of keeping it 
constant must be devised before the quantitative 
dependence of rate on monomer concentration can 
be given. 

The effect on the rate of polymerization of the 
inhibitors ethyl alcohol, tertiary butyl alcohol, 
diethyl ether, and acetone was investigated by adding 
0-3 per cent of each to a reaction mixture already 
containing 0-18 per cent water. The mixtures were 


Dilatometer reading (arbitrary units) 
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tertiary butyl alcohol, diethyl ether and aceton» were 
added to 1-15 per cent stannic chloride and 20 
cent monomer in ethyl chloride. It is therefore 
probable that these substances cannot replace water 
as co-catalysts in low-temperature polymerization. 

Polymerizations involving very small quantit ios of 
added water (less than 0-1 per cent) have been 
followed through to completion, and the course of 
the reactions is shown in Fig. 4. The rates of reaction 
in those systems containing the least water are 
subject to an acceleration in the later stages of the 
reaction, the acceleration occurring the sooner and 
being the more marked the lower the concentration 
of water. This is reminiscent of a similar phenomenon 
observed in the free radical polymerization of methy| 
methacrylate, and shown by Norrish and Smith to 
be due to a decrease in the coefficient of chain 
termination consequent upon the considerable in. 
crease in viscosity of the medium in the later stages 
of reaction’. It is probable that a similar explanation 
holds here, for the chain-length and the consequent 
increase in viscosity are found to be greater the 
smaller the content of water. 

A tentative picture of the kinetic mechanism may 
be achieved if we assume that chain propagation is 
initiated both by positive and negative ions derived 
from the hydrated stannic chloride; for example: 


H CH, 
SnCl, . O + 2 C=O0H, — 
H CH,” 
CH, CH, 


CH,—C+t + SnCl,OH . C—CH; 
™ 


‘\ 


CH, CH, 
Added Cw Chain propagation then occurs by success. 
water(%) ive addition of monomer units to the 
0 ionized complexes so that there are both 
positive and negative growing chains; 
0-021 and if termination results from the mutual 
0-042 neutralization of oppositely charged chains 
it can be understood how the coefficient of 
termination can decrease with increasing 

0-084 viscosity. 
It can be shown that under such con- 
0-11 ditions the rate of polymerization is pro- 


portional to the square root of concentration 
of catalyst. The results obtained above 
are in agreement with the conclusion 
that the concentration of catalyst is pro- 
portional to the square of the concentra- 
tion of water and the first power of the 
stannic chloride. When, however, the 








400 


Time (min.) 
Common origin moved for clarity 


Fig. 4. 


not always homogeneous because of the low solu- 
bilities of the complexes at —78-5° C. All these 
substances reduced the rate to less than one fifth of 
its normal value, and it was observed that the 
molecular weight was also considerably reduced. 
The hydrocarbons 1-butene and 2-butene halved the 
normal rate with concentrations of 2 and 6 per cent 
respectively. 

In the absence of added water, no polymerization 
was observed when 0-3 per cent of ethyl alcohol, 


latter is in large excess, the concentration 
of catalyst is controlled by the water 
and is independent of the metallic halide. 
It is conceivable that the equilibrium 
SnCl, + 2H,O = SnCl,. 2H,0 

would conform to these requirements; but further 

evidence is required and any definite conclusion must 

be held in suspense. 

* Thomas, Sparks, Frolich, Otto and Mueller-Cunradi, J. Amer. Chem. 

Soc., 62, 276 (1940). 

* Foord, J. Sci. Instr., 2, 126 (1934). 

* Norrish and Russell, Nature, 160, 57 (1947). 

* Plesch, Polanyi and Skinner, J. Chem. Soc., 257 (1947). 

* Norrish and Smith, Nature, 150, 336 (1942). 
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A RADIO-FREQUENCY ION 
SOURCE WITH HIGH PERCENTAGE 
YIELD OF PROTONS 
By J. G. RUTHERGLEN® and J. F. I. COLE 


Department of Natural Philosophy, University of 
Glasgow 


No. 4068 


N a recent communication in Nature a description 
was given of a new type of ion source. This source 
gave a high beam current for a low energy input, but 
no results were given for the yield of protons as 
compared with diatomic (H,*) and triatomic (H,*) 
ions. We have recently undertaken an investigation 











of ion sources with the object of making a source 
suitable for use with a 1 MV. accelerator tube, and 
throughout these investigations have made quantita- 
tive measurements of the percentage yield of protons 
by magnetic resolution of the beam. Using the 
source described by Thoneman', we were unable 
to obtain more than 5 per cent of the beam as protons, 
the remainder being approximately equally divided 
between H,* and H,* ions. 

We conclude from our investigations that the 
following conditions are necessary for the production 
of a high percentage yield of protons in discharges 
at pressures of the order of 10-50 microns: (i) The 
walls of the vessel in which the discharge takes place 
must be made of clean glass, and the area of metal 
exposed to the discharge should be kept to aminimum, 
presumably in order that the recombination of atomic 
hydrogen shall be reduced as much as possible. (ii) The 
ionization density in the discharge should be as 
high as possible. 

The diagram shows an experimental arrangement 
satisfying these conditions which gives satisfactory 
results. The discharge is maintained in a ‘Pyrex’ 
tube A, 1} in. in diameter, by a radio-frequency 
voltage at a frequency of 180 mce./sec. applied 
between two external cylindrical brass electrodes 
BB. A pair of Helmholtz coils X X provide a constant 
magnetic field, adjustable from 0 to 300 gauss, 
parallel to the axis of the discharge tube. When the 
magnetic field is raised gradually from zero, a critical 
value of the order of 100 gauss is reached at which 
the brightness of the discharge increases and the 
colour shows a very marked reddening. The effect 
of the magnetic field is presumably to maintain the 
path of the electrons, which are oscillating under the 
influence of the radio-frequency field, along the 
axis of the discharge tube, and hence increase their 
life-time for producing ionization. This resultant 
increase in ionization density causes an increase in 
the percentage of atomic hydrogen in the discharge 
tube, which shows itself as an increase in the intensity 
of the Balmer spectrum relative to the molecular 
spectrum and hence as a reddening of the colour. 
We have found that this reddening is always associ- 
ated with an increase in the measured proton percent- 
age in the emergent beam, and may say in general 
that a steely blue colour indicates less than 20 per 
cent protons and a bright red colour indicates more 
than 50 per cent protons. Increase of the magnetic 
field beyond this critical value gives no appreciable 
increase of proton yield. 

The ions are extracted from the discharge through 
the exit canal C, $ in. in diameter by } in. long, in 
the aluminium block D by applying a potential of 
the order of 3 kV: between it and the probe P. The 


* Nuffield Fellow. 
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tungsten probe is set back in the side tube through 
which the hydrogen enters the discharge tube in 
order to minimize its effect as a surface for recom- 
bination of atomic hydrogen. Secondary electrons 
which are produced by ions striking the walls of the 
exit canal are accelerated up the axis of the discharge 
tube, and it was found necessary to cool the top of 
the tube with a small oil bath. For analysis the 
emergent beam is* accelerated, usually to 15 kV., 
by an electrostatic lens system which focuses it on 
to a slit, } in. wide, at a distance of 36 cm. from the 
exit canal C. The beam passes through the slit into 
a Faraday cylinder. A ‘straight through’ analyser, 
with crossed magnetic and electrostatic deflecting 
fields, is built in between the focusing system and the 
slit, at a mean distance of 23 cm. from the slit. A 
small permanent magnet provides the magnetic 
deflecting field of about 400 gauss over a distance of 
1} in. The electrostatic field is provided by two 
parallel plates 1} in. long, spaced # in. apart, between 
which deflecting potentials up to 3 kV. can be 
applied. 

Typical operating conditions for the source shown in 
the diagram are as follows: radio-frequency power 
into the source 30 watts, magnetic field 130 gauss, 
pressure ~15 microns, hydrogen consumption 15 
e.c./hr., probe potential 2-8 kV., focusing potential 
14 kV., probe current 6 ma., total focused beam 
current to Faraday cylinder 400 va., resolved proton 
current 240 va., resolved diatomic ion current 110 
ua., resolved triatomic ion current 12 ua., resolved 
current of heavy ions 40 ua. It will be seen that 
protons comprise 60 per cent of the emergent beam. 

To illustrate the importance of reducing the area 
of exposed metal surfaces to a minimum, we may 
mention that we have obtained proton percent- 
ages as high as 75 in an earlier source in which 
the ions were extracted through a hole } in. in diameter 
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in the glass end of the discharge tube, although, in 
this particular case, we were unable to obtain beam 
currents in excess of 50 ua. In the source shown in 
the diagram, the outside diameter of the top of the 
aluminium exit canal exposed to the discharge was 
3/16 in. 

We believe that proton currents of considerably 
more than 240 ua. can be obtained with this type of 
source by improvement of the extraction and focusing 
arrangements and increase of radio-frequency power. 


* Nature, 158, 61 (1946). 


PSYCHROMETRIC OBSERVATIONS 
IN THE LOWER ATMOSPHERE 


VERY valuable series of nearly five hundred 

psychrometric measurements in the lowest 
1,000 ft. of the atmosphere were made over Massachu- 
setts Bay, under the general direction of Mr. Donald E. 
Kerr, by members of the Radiation Laboratory, 
Massachusetts Institute of Technology, in the summer 
and autumn of 1944. They are discussed by Richard 
A. Craig in Papers in Physical Oceanography and 
Meteorology, 10, No. 1, published by Massachusetts 
Institute of Technology and Woods Hole Oceano- 
graphic Institution, also described as “‘Contribution 
No. 362 from the Woods Hole Oceanographic 
Institution”, which is dated November 1946. 

These measurements were not made primarily for 
their meteorological interest, but in connexion with 
studies concerning the propagation near the sea sur- 
face of radio waves of the order of centimetres or a 
few metres in length, because they yielded informa- 
tion about vertical distributions of refractive index 
of air for radio frequencies. The necessity for these 
special observations arose because the kite soundings 
made by G. I. Taylor in 1913 from the whaling ship 
Scotia over the Grand Banks of Newfoundland, and 
those made in 1915 on the U.S. Coastguard cutter 
Seneca for a more extended area, did not show the 
vertical distributions of temperature and humidity in 
sufficient detail to help very much in the propagation 
problem. The discussion is in two parts. Part 1 
describes the organisation of the work and some of 
the thermodynamics and kinematics involved in such 
studies. It also describes the method of presentation 
adopted in Part 2, where fifty-one selected soundings 
are discussed with all available supplementary in- 
formation, such as the past history of the air currents 
at different levels and synchronous observations made 
at shore stations. 

A psychrograph which measured dry- and wet- 
bulb temperatures by means of electrical resistors 
was developed for the work. It is referred to as the 
M.I.T. psychrograph (Kerr, 1947) but is not here 
described in detail. It was mounted for the most 
part on a Curtiss monoplane or a twin-engined 
Beechcraft, but for a few of the soundings was hung 
beneath a slowly ascending Navy airship. Meteoro- 
logical investigations on such a lavish scale are 
scarcely likely to be undertaken in Great Britain for 
many years to come. They are a good example of 
the American flair for well-organised co-operative 
research. At the same time, we may take pride in 
the fact that the influence of Taylor on meteorological 
theory arising originally from his theoretical treat- 
ment in 1913-14 (when he was Schuster reader in 
meteorology at Cambridge) of the kite ascents made 
on the Scotia, has not lessened in the intervening 
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thirty-three years. This is illustrated by the us: made 
by Craig, in the discussion of these American «ound. 
ings, of Taylor's development of the theory of mixing 
of air masses of different temperature and \ 
pressure. 

Although no single point of outstanding me: 
logical interest is brought to light by the sou 
in Massachusetts Bay, no serious student of s\ 
meteorology can afford to overlook them, bec 
the insight which they give into the changes t} 
always taking place in air masses as a result of ©: 
tion, conduction and turbulence, as they pas 
land and sea, or over seas in which there is a 
horizontal gradient of temperature. A good pr 
tion of the soundings were made in fog, and thes 
of particular value in connexion with forecast ing. 


THE MILLPORT MARINE 
BIOLOGICAL LABORATORY 


VIDENCE of increasing activity in the field of 

marine biological research is afforded in the 
annual report of the Scottish Marine Biological 
Association for the year 1945-46. Research at the 
Millport Laboratory under the direction of Mr. R. 
Elmhirst has during the year in question covered a 
number of problems the solution of which has direct 
economic value. 

Work on British agar, for the development of 
which we are indebted to Dr. S. M. Marshal! and 
Dr. A. P. Orr, has been continued on collections of 
Chondrus crispus from Wales and Cornwall. The agar 
from Chondrus, like that from Gigartina, is satis- 
factory for bacteriological work, and there is also a 
considerable commercial outlet for a dried prepara- 
tion of the viscous extract obtained from these weeds 
by boiling. The commercial harvesting of Gigartina 
in the Clyde area has become a regular summer 
occupation for local people. 

Dr. Marshall and Dr. Orr have also made further 
experiments on the effects of different fertilizers on 
the phytoplankton in Loch Craiglin, and on the 
growth of oysters. It was found that oysters could 
be satisfactorily fattened in containers put out in 
Loch Sween. The oysters were well filled and of 
excellent flavour. 

There is also promise of a possibility of breeding 
oysters successfully in the area, though the year may 
have been unusually suitable owing to the exception- 
ally fine summer. 

The team of workers on antifouling research led 
by Mr. K. A. Pyefinch, and previously under the 
Iron and Steel Institute, passed on January 1, 1946, 
to the control of the British Iron and Steel Research 
Association. During the year a general report was 
produced including an account of the biology of the 
more common fouling organisms. A paper has also 
been published on “Methods of Assessment of Anti- 
fouling Compositions”. Some interesting biological 
details are given in the annual report under review, 
including the biology and settlement of T'ubularia 
larve and the settlement of marine worms. The 
latter indicates the probability of the importance of 
the physical nature of the substratum in influencing 
settlement as shown by the pioneer work on meta- 
morphosis in polychzete larve by D. P. Wilson. 

The report also contains summaries of research on 
the ecology of Mollusca carried out by Prof. C. M. 
Yonge and Dr. A. C. Stephen. 





achiev 
our p 
weake 
indust 
Att 
adequ 
is all : 
and cc 
favour 
co-ope 
resear 
one pi 
and re 


tion- 


1 led 
the 
946, 


October |8, 1947 


It is satisfactory to note that a number of visiting 
research workers went to Millport during the year, 
and that there are general signs of increasing post- 
war activity. The Millport Laboratory is situated 
in an area with much sheltered water and an abundant 
fora and fauna. It is most suitably placed for 
research of many kinds, and is within easy reach of 
deeper oceanic water with its rich and varied fauna. 
It is to be hoped, therefore, that in order to cope 
with the increasing demands for marine biological 
research in the British Isles we shall see in the near 
future an expansion of the staff and equipment at 
Millport. Included with the equipment should be a 
larger research vessel in order that the range of 
observations at sea may be extended. 


No. 4068 


MANAGEMENT OF RESEARCH 


HE lecture on “The Organisation of Industrial 

Research” which Dr. R. P. Russell, president of 
the Standard Oil Development Co., delivered on 
June 9 to the Industrial Research Committee of the 
Federation of British Industries was far more than 
a factual review of one of the world’s largest research 
organisations or its achievements in the petroleum 
industry: it was a masterly analysis of factors 
and conditions determining the success of industrial 
research in any field and an outstanding contribution 
to what may be termed the philosophy of research. 
Research activity in his own Company, he said, 
began in 1919 with a group of twenty-six people : 
to-day the staff includes 2,456 technologists, engineers, 
assistants and clerical personnel all engaged ex- 
clusively on research and development projects, as 
well as several hundred working on laboratory phases 
of direct operating problems and an engineering staff 
of mere than five hundred. Dr. Russell computed 
that this expansion had brought a return of £15,400 
of additional profit for each £1,000 expended on 
research and development, and he believes that with- 
out research and development any company or 
industry would stagnate and in time lose most of its 
business to more far-sighted competitors. 

Dr. Russell does not, however, claim that research 
is a universal panacea or even that it is the keystone 
in the arch of industrial production. It is rather 
one link in a chain which comprises also natural and 
human resources, production management, effective 
sales and distribution and courageous executive 
management. Nor is the ‘economic climate’ alone im- 
portant: a sound ‘political climate’ is also an import- 


ant factor in successful industrial enterprise, for such | 


& climate inspires the sense of security which gives 
people confidence to assume the risks involved in 
any important new venture. These factors are all 
important and must be firmly interlinked if our 
objectives of satisfying human needs are to be 
achieved. Progress depends essentially on whether 
our political and economic system strengthens or 
weakens the factors which form the links in the 
industrial chain. 

At the outset, Dr. Russell disposes of the idea that 
adequate expenditure of money or of men on research 
is all that is required. It is a matter of team-work 
and co-operation and of ensuring the conditions most 
favourable to the generation of ideas. Effective 
co-operation, for example, in the solution of a 
research or development problem means that every- 
one participating knows the problems which exist 
and recognizes their relative importance. This applies 
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no less to the engineering organisation, the production 
group and management than to the research and 
development team itself, and the first point which 
Dr. Russell makes is that information about a project 
on which the research organisation is engaged must 
flow freely throughout the whole organisation, hori- 
zontally as well as vertically. Insulation of the 
research and development department must be 
avoided at all cost, and continuing contacts fostered 
at each operating level. 

The interlacing of information in this way is not 
only a valuable incentive but also has certain practical 
advantages in facilitating the rapid application to 
one project of new knowledge gained by other units. 
Nor is the exchange of information confined within 
the firm. Dr. Russell stresses the value of close 
contact with work going on outside, of attendance at 
scientific and technical meetings and of the use of 
consultants as well as research agreements with 
universities, sometimes on very broad lines and some- 
times for specific problems of immediate importance. 
Here Dr. Russell makes no distinction between funda- 
mental and fact-finding research, and the value of 
the universities as the centre of the search for know- 
ledge for its own sake is rather taken for granted. 
Expenditure of his Company on research by outside 
consultants amounts to about two per cent, and on 
research grants to universities to more than three 
per cent, of the total salaries of the technical and 
professional staff. Apart from this, research workers 
are encouraged to devote about ten per cent of their 
time to work on original ideas; and while the value 
of competition as a stimulus is fully appreciated and 
encouraged within the firm itself, the practice is 
never allowed to impede the free and complete flow 
of all information from unit to unit. 

Dr. Russell indicates clearly the relations of mutual 
trust which exist in the research organisation he 
describes, and that positive factor is one the import- 
ance of which can scarcely be exaggerated. In itself 
it fosters the sense of individual responsibility which 
calls forth the maximum ingenuity and initiative ; 
and in establishing the right atmosphere it probably 
contributes even more than the study of individual 
characteristics and capabilities, though that, too, is 
important. No less important than encouraging the 
generation of ideas is the avoiding of practices which 
tend to discourage them, and some of the observa- 
tions Dr. Russell makes here are substantiated by 
bitter experience in Great Britain between the two 
World Wars. As he truly remarks, the loss of morale 
and effectiveness through a sudden and drastic 
reduction of the technical staff is out of all proportion 
to the monetary saving achieved. 

There is much in this lecture for those responsible 
for the management of research to ponder, all the 
more in that Dr. Russell recognizes that, in the 
United States as in the United Kingdom for some 
years to come, the available scientific man-power 
will be insufficient to meet all the demands for 
trained staff, and it will be imperative to ensure that 
the best possible use is made of the resources that 
are available. Nor is it a matter for the industrialist 
alone. It is not necessary to go all the way with 
Dr. Russell in his belief in the necessity for a free 
and truly competitive system to agree with him that 
political conditions can be of great importance from 
the point of view of incentives. The idea of public 
service, as Sir Oliver Franks noted in his recent 
lectures, can be at least as satisfying an incentive 
as the purely financial one. 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk * are open to the public) 


Monday, October 20 


Krve’s Cottmes (in the Department of Civil and Mechanical 
Engineering Stra: London, W.C.2), at 5.30 p.m.—Prof. 8. J. 
Davies : “Scechanical Aids ‘to Improved Thermal rations”. 
(Further lectures on October 27, sg at 3, 10 and 17. e lecture 
on November 10 will be given by Mr. J. Clark, who will deal with 
Special Considerations in the Popduction v4 Gas for Towns.)* 


ROYAL INSTITUTE OF CHEMISTRY, LONDON AND SOUTH-EASTERN 
CountrEs Szctior (joint meeting with the LUTON ScIENTIFIC Assocla- 
Tior, in the Lecture Hall, lec Library, Luton), at 7.30 p.m.— 
Films and Discussion on Water Treatment. 


CHEMICAL ENGINEERING GROUP (joint meeting with the YORKSHIRE 
SECTION OF THE SocigTY OF CHEMICAL INDUSTRY, at Leeds).—Mr. 
H. ©. Millett: “Some Experiences in the Heavy Chemical Industry” 
(pocceded by a visit to Charlies Brotherton Chemical Engineering 

Aboratory). 


Tuesday, October 21 


UNIVERSITY OF LONDON (at the Royal Holloway College, Englefield 
Green, Surrey), at 2 p.m.—Prof. 8. Tolansky : “Recent Developments 
in Multiple Beam Interferometry”. (Further lectures on November 4, 

5 and December 2. 


Soctety OF CHEMICAL INDUSTRY, AGRICULTURE GrovP (in the 
Chemistry Department, Royal College of Science, Imperial Institute 
Road, London, 8.W.7), at 2.30 p.m.—Dr. G. A. © : “Fertilizer 
Requirements of Wheat as Determined by Field Trials’”’.* 


INSTITUTION OF Post OFFice ELECTRICAL ENGINEERS (at the L.T.R. 
Headquarters Refreshment Club, Waterloo Bridge House, London, 
S.E.1), at 5 p.m.—Mr. W. H. Scrivener: e-em Control 
Statistics—Some Difficulties and Possible Solutions 


UNIVERSITY COLLEGE LONDON (in the Ph: 
Street, London, W.C.1), at 5.15 p.m.—Dr. Berna 
mission and Excitation in Nerve and Muscle”. (Further lectures on 
October 28, November 4, 11, 18 and 25.)* 


Eveentcs Society (at the Royal Sostewy, -~——— House, Picca- 
dilly, London, W.1), at 5.30 p.m.—Mr. B. Bramwell : “*dalton’s 
“Hereditary Genius’ and the Three Following Suiee since 1869"".* 


INSTITUTION OF CIVIL ENGINEERS (at Great George Street, London, 
8.W.1), at 5.30 p.m.—Mr. H. E. Hogben : “Modern Aids to Navigation 
by Radio”. 

Soctety oF ENGINEERS (at 17 Victoria Street, London, 
6.30 p.m.—Dr. G. E. Blythe: “Fine Grinding in Industry” 


Wednesday, October 22 


MANCHESTER JOINT RESEARCH COUNCIL (in the Albert Hall, Peter 
Street, Manchester), at 10.30 a.m.—Conference on “Market Research’’. 


INSTITUTION OF ELECTRICAL ENGINEERS, TRANSMISSION SECTION 
(at Savoy Place, Victoria Embankment, London W.C.2), at 5.30 p.m. 
—Prof. W. J. John: Inaugural! Address as Chairman. 


Society oF  — a? INDUSTRY (at the Royal Institution, Albe- 
marle Street, London, W.1), at 6.30 p.m.—Sir Frederick Keeble : 
“Some Aspects of the Work of H. E. Armstrong” ( H. E 
Armstrong Memorial Lecture). 


Thursday, October 23 


CHEMICAL (Goint ——~y-y with the HULL AND DIsTRIcT 
Szction of the ROYAL INSTITUTE OF CHEMISTRY and the UNIVERSITY 
COLLEGE ScrentiFic Soctgry, in Universit Comes, Hull), at 6 p.m.— 
Prof. D. H. Hey : “Addition Polymerisa 


ROYAL AERONAUTICAL yw (in the Lecture Hall of the Institu- 
tion of Civil Engineers. t George 8 London, 8.W.1), at 
6 p.m.—Sir William T. Grifttie : “The Problem of High Temperature 
Alloys for Gas Turbines”. 


TEXTILE InstTiITUTS (joint meeting with the INDUSTRIAL GROUP 
of the MANCHESTER StaTistical Soctety, at 16 St. Mary’s Parsonage, 
Manchester), at 6.30 p.m.—Mr. E. Lord: “Some Practical Aspects of 
Sampling with special reference to the Cotton Industry’’. 


Gees bee — aha Ww. Burlington House, Fone. London *y »), 
at 7. Prof. Cox : “Crystallographic echnique a. ts 
Chemica] Significance” (Tilden Lecture 
ROYAL INSTITUTE OF CHEMISTRY, aniiie AND SovTH-EASTERN 
Countigs Szction (at Medway Technical College, Gillingham), at 
pe) eS Film Display, followed by Discussion on Local 
ctivities. 


8.W.1), at 


Friday, October 24 


ROYAL ASTRONOMICAL SoctETY (at Burlington House, Piccadilly, 
Londen, Ww. 2), at 4.30 p.m.—Geophysical Discussion on ‘‘Atmospheric 
urbulence’ 


CHEMICAL Society (joint meeting with the SovrHampron UntIv- 
BRSITY COLLEGE CHEMICAL AND PHYSICAL SOCIETIES, ? the Ph 
artment, University College, Southam 7% ~ 3 
. Ingold, F.R.8. : “Isotopes and id Mol tre”, 
oe TION OF MBCHANICAL ENGINEERS (at ~ "s Gate, ae 
James's Park, London, 5.W.1), at 5.30 p.m.—Presiden Address 
SHEFFIELD METALLURGICAL ASSOCIATION Goins , mostins with the 
ROYAL INSTITUTE OF CHEMISTRY, at 198 West 8 ee. at 
7 p.m.—Dr. H. J. T. Ellingham: “Chemical Metall 4. 
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APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on @ 
before the dates mentioned : 

SENIOR AGRICULTURAL ECONOMIST in the Department of A ork 
Economics—The Director, N Universit. 


Agptouitare, Sutton Peaieaten, borough ( 
bnew ae III) with good general graduate scientific 
Geen oe Sel Ra i 
] of sal — a 
Technical and aie Reaieees, Ramm 
by G G.433/474 (Geto ber oa 
Town Hall, Bredford (Octobe | 25), 
N MECHANICAL ENGINEERING—The 
echnical College, 


LECTURER I incipal, Dedley 
and Staffordshire T Dudley (Octobe r $5). 


SENIOR ASSISTANT IN MECHANICAL ENGINEERING, a Saxton ASSisr- 
ANT IN METALLURGY, a SENIOR ASSISTANT IN STRUCTURAL [ENGINEER 
ING, and a LECTURER IN Science, at the Lag - ag ech 
College-—The Director of Education, Education Offices, Woodlands 
Road, Middl October 25). 
OF ELECTRICAL ENGINEERING, 





ae 
OrFiczers to undertake pains investigations with 1 i 
(a) NuTrition, (6) PaTHoLoey, (c) ENDOCRINOLOGY, and (d) 
BEHAVIOUR, at the Poultry’ Research Centre, Edinb: 
aw cultural Research Council, 6a Dean's Yard, 


ber 31). 
t the Marine Labora’ , Torry, Aber- 
669, ¥, 


chemical! plant design ; 
exceptional organising ‘ability and a first-class e nce of 
; a Director oF DEsion a F Cc. oat A) with an e- 
of the design of works and 


appropriate Ref. No. (October 31). 
Paine PAL OF THE GLOUCESTER TECHNICAL COLLEGE—The Edura- 


tion Officer, Belsize House, Brunswick Square, Gloucester (November 


1). 

GRADUATE (M.Sc. or B.Sc. in Chemistry) as Research Assistant to 
the Leather Research Association, New Zealand Government—The 
ao a for New Zealand, 415 Strand, London, W2 
(Novem 

WARDEN OF MALHAM TARN FIELD CENTRE—The Director, Council 
for the Promotion of Field Studies, 10 Exhibition Road, Londo, 
8.W.7 (November 10). 

LECTURERS IN ag BACTERIOLOGY, BIOCHEMISTRY 
DENTAL PROSTHET! ORTHODONTICS and DENTAL ANATOMY, in 
King Edward VII x Secretary, 


Inter-University Counc Higher in 
8 Park Street, London, W.1 (November 12). 
SENIOR SCIENTIFIC OFFICER at the Royal Air Force Acoustic 

boratory, London—The Secretary, Civil Service Commision, 
Scientific Branch, 27 Grosvenor Square, London, W.1, quoting Ne. 
2017 (November $7). 

DIRECTOR OF FISHERIES in Hong K 
ment, Colonial Service, 15 Victoria Stree’ 

PLANT PHYSIOLOGIST by the Research ea 
of Agriculture and eo Sudan Government—The Sudan 
in London, Wellington House, Buckingham Gate, London, 8. 
endorsed ‘Plant Physiologist’. 

LECTURER IN THE DEPARTMENT OF MATHEMATICS—The eal 
Technical College, Huddersfield. 
CHEMIST IN THE DEPARTMENT OF AGRICULTURE in the Colonial 
Agricultural Service, British Guiana— The Deecter of Berea 
Service, 15 Victoria Street, London, 8.W 
LECTURER IN Males at Leeds Coll At "technology—The Director 
of Education, Education De; 

SENIOR GEOLOGIST in 
Colonial tg 15 buy —- 
ucitel Bes Denctntendont, m ie), to Hospital, G ‘ord, 

ica. b "s 

DIRECTOR OF The Chairman of the Council, Coal Tar 

Research Association, Gas Industry House, 1 Grosvenor Piaee, 


ee it)—The Game, Federated 
Foundries, wd, 75 Ha t 

ASSISTANT IN THE DEPARTMENT 0 = ) . ia} qualifics- 
tions in Physical Chemistry) The. Secretary, The University, Abe- 
deen. 


PROFESSORS OF PHARMACOLOGY AND Puysics, and ASSISTAT 
PROFESSORS OF rags i~— ~y AND "Agents fo 4 


University College, Singleton Park, 














